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In addition to photos and texts indexed here,
D/GP hes on hand 40 - 50 copies of the

Photo Interpretetion Handbook and
Photo Industrisl Studies 1 thru Oe
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D/GP ~ BASIC COURSZ IN THS USE OF ATRIAL FHOTOGRAFY \
FOR IKTELLIGENCE PURPOSES

A.  Dafinitions:

1)

2)

3)

Fhoto Intelilronoe is the blending of all other types of irtellizence
with photograpMeally dertived data, It may eonfirm, dery, supplarent
or, where no other inforration emigts, stand alone, It prasupposes
gonaral intelligencs competenco; its raw source - photerraniy » s A,

£hoto Intorpretation and Lhotorrammetyy are methods for deriving infore
rmation fronm photegraphs. Photo intorprotation ains to Lali the maaning,
including the relationships and funetions, of what 48 saor 4n phatoa
graphs, Photogramnetry is concerned with obtalning reliastls measure-
ments by means of phote raphy and reaches its riost axtousive use in
mapping. Doth employ each other’s skills to sore axten:. Photo
interproters make normally sirple measurements to estayiigh seals and
idontifieation, and nhotoprarmetrists enploy recogrition techmqaes
required for objoct identification.

Ehoto Readine is a baste sikill corparavle to learming an alphabetl,
onavling tho student to ortent. photographe upon a map, tu use 2 ILOrsO-
scope, and to recogmize the photosraphie appsarances of lariliar objects,
In practice, for CIA purpeses, this involvas alse phots precurensnt,
l.e., knowledre of various speeial bodiss and sources of rhetosraphy.

B.  Division of thg Fiold:

1)

2)

Photo intelligence 42 empirically divided inte two najor fislds:

a) Qeorraphie - Focused on natural features of the earth and
: their relationship to the uses of mar.

b) Industrial - Focused on the detailsd interpretation of
manenada structures,

These are in turn divided into gpaclalties, which have arizen in part
through the historieal grerth of photo intelliponee in raspongas Lo

the wartins requirements of the variocus components of tha Armed Forces,
Main specialties are:

a)  Alpr - Mrfields and aireraft, antiair defenses, tarrat
charts, semetimes A/C mamfacture, and certain
AF tarpets,

b)  Xavy < saval and merchant shipning, ports and harbors,
marine rasnlng, coastal defenses, shipbuildiag
and eartain Faval tarseta,
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¢) Amy - Oround force materiel installations and forti.
fleations. Tactieal and strategic torrain
analysis, sometirmes AFV, TapoNns or ArMo AMie
facture, oceortain AP tarcets.

d)  Industrial < (»reser) Industries, power and ravr matertal
supplios, Cortain forms of transportation.

@) Comyunicationa & Simals - Radar - radio i.‘nstallatzionso
Sorwtires a ssparate fMold.

£)  Atecde Tnerpy - Do facto a soparate field due to
security cloarances required. :

ratility and o Damare « In wartime a highly
spotlalized crash action feld:; involving
mathematies of barb £a11 plotting.

h}  Seceraphic Snoetalties - Arctic, beach analysis, other

spoclal areas,

1) lispping (Tri-ret,vertieal and oblique) « !Alitarr
Services ard civilian.

3} Ihoto Geolory - Civilian, mineral exploration.

3) r Segne Into = Involves recognition
_ stulies for specific targets,

g)

1)  Ulktra-Violet & Infra Red - (Thermal erission)
radiation reecord analysis.

n} lisgellanecng = Ihuman recocnition, clandestine,
medleal, ste,

CONFIDRNTIAL
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HGY¥ TO MEZASURZ OBJECTS SEZN IN AIR PHOTOGRAPHS

(1.3., HOT TO FIND TIS SCALE OF VIRTICAL ARRIAL PHOTOGRAPHY,
A “TTTH A NOTS O FINDING HIIGHTS) .

Yarming: Avoid measuring in inches if pessible because if you do
you will have to divide all your measursments by 12 in order to /
come aut with foet. To avoid this, use the ,001* (thovsandths of

a foot) seals which multiplies out directly into fect, or use the
o5 or .lma seale which will zive you metres an! kilometres,

METHOD I. If you bhave a feliable map or sontrelled mesalg of the areas

A, loasure on the map or mosaile the distanee batween tro points
showm on your photo, Choose a 1irne which ¢rosses near the v
cantre of your photo, Miltiply your measurement by the scale
of the map or rosalc., Txamplet If the map's scale is '
 1:36,000 and you measure ,2' betwsen points, the actual
pround distanee is .2 times 36,000 or 7200 feet, (atch the
decimall)

B, Raxt measure sams distance on your photo and divide it iptg
actual pround distance. Rxample: Suppose the distance
botzreon the tro points is .431' on the nhotes Divide this
into 7200', The seale of the vhoto is 1:16,705, also written
1/16,705. Now you can find the actual size of any object on
this photo by measuring it and multiplyinz by 16,705.

Uenaral rales Oround distancs divided by photo distanee gives you
the demominator of the representative fraction which is your
scale,

Wateh those decimal points

METHOD II. If you have the fogal length of tha samera and the altitude
of the plang: ,

Seals is found direetly by dividing altitude by focal length. Be
sure to turn inches into feot beforo dividing. Ixamples:

24" FL at 30,0000 At : 130,000/2 = 15,000, Seals is 1115,000

6" FL at 30,000 ALt : 30,000/.5 = 60,000, Secale is 1/60,000.
(Vory small)
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€" ¥L at 7,500 Alt, is also 1:15,000, the same as 20" FL at 30,0000,

12* FL at 10,0000 is of course 1/10,000.

Notot On USAF reconn photography, the altitude is usually wegitton on

1:3700D :{XX. mmmnmmwmmmmm

Ae

the first and last prints of the rission, and soretires on
others. Focal length is usually on the 1arein of all rrints.
‘Iowevar, sincs the plane may not fly a dead level line, and
she terrain may risea dip, tiis general scale may rive only
an apnroximation which shonld be chacked for accuracy on
individual prints,

erman Air Force ohotography always shous the cmera’s foeal
tonrth 4n em in & corner box on each nrint (the lxmest firure)
ut do not pive altitude, Hence scale rmst ba found by ..ethod
i or III or both.

2encih and alitude:

Find some distanse or object on the photography the size of
whieh you know accurately. (If all else falls, guoss, )

For exarnla, 1t 18 often ~ossibls to ~et exact firures on
airfield rnways, wing span of nlanes, lengtihs of railroad
cars, track raure (where visible), length of bridres, parks
or rmomrants, sporta' fields or stadia, dans, distance
between radio masts, ship or barge lengths, gas tanks or
gaserotars, arrored wehicles, trucks, (rridth is nore reliable
4han length unloss you are sure of redel) or even larce
animals o1 large scale cover,.

Using these astiratad or actual ground distancos, divide

by ths reasnred size of the objact on the -hoto. xamplet
Takin~ the averare length of Russian L.gxle boxears as

12 ratres, and tuowaxls cars as aprraxirately 8r, sup ‘ose
they measirs 1,5 mm (0,15 em) and .85 rr (0.035 em) res-
pectively on the photo, The secals will be between 1/10,000
and 1/9,112, The diserepancy is prinarily due to the fact
2hat there are many types of USSR ecars, and it 1s not
nossible to detormine exactly which tyno you are saaing at
this reluction. To reduee the marsin of error, make as rany
and as accurate reasurements as »ossible and take tha averare.
It nay also be nossible to search adjacent photos or other
photo ris dons over the same area for larpe known ovjects such
as airstrins or canal locks and transfer the se2le hack to
your photo, print Ly print. (3xarple: The Chapayevsk wXplosives
Plant “15 « 309 ia covered in larre scale photos. Thare is
amall seale eover of ti plant and neighboring airstrip. A
+antative scals was taken from freight cars visible in the
jar-e seale cover, and nsed to establish size of a large
tildine also visible on the srall scale orints. This gave
the seale for the small scale cover, which was then used to
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mossure the airstrip on this print. The measurement came cut
, within 107 of ths size resorted in contemporary Qerman target
- data, “has confirring the Mpgt scale found for the large-scale
gorar af the plant vithin a very srall margin of error.

Hote: Tis larcer the scale, the larger the imagos of tho objects
shavm, but the gmallar the denmominator ficure in the scale.
1:1,000 12 a very larzg scala, 1:100,000 18 an exteeraly
gl scals. At 135000 you can s®a human boings; they will
ho about .0004? across in verticzl viewr. At 1:50,000 thls
pame reasurement would be a 20.foot dianeter, on the ground.
(Barely visible.) A large factor: is hard to spot at this
LSS N T Y

“Jagninr about accuracy of sgales You will naver got an entirely
mwmypate Scale except by chance, “here accuracy is important,
kaep working at successive appreximations and cross checking.
“on using lHathod I and working fron a map or mosalc, riake
a% lezst ono alditional measurement at right angles to the
firat, across eantre of photo, and work cut & second sealo,

Tt will diffor slirhtly fron the first, The difforence
batween the o scales 18 your marsin of error, expressed as
a peroentame. It may run as high as 15 or 203, 5 to 10} 1s
nsnally tolerable, in faet almost inevitable.

Thz longer the distances you use to esbablish seale, the
mora accurate you will probably be.

- The more reagsurenents you worl, the greater your accuracy.
’hen measuring, remenmber white objects show slightly larger
than they are, because a light area w1ll "halate" into the
darker area adjoining. Avold reasurine extrome shadors or
Jizht areas,

By eareful not to include the shadew of a building when .
moaeardng. I measuring from the eaves' edge on one side of
a voof, use the same edge on the other side, ‘lhen the
pioture iz tilted, you may got part of the wall on cne gide
@i logse part of the roof on the other.

Remspbars A photograph is not a map - it is only vertical
at the centfe. '

No map is perfectly accurate.

I'o measurament is perfeetly accurate.
Yo photosraph is porfectly accurate.
(But it i3 still an A-l source.)

See nsxt page for remariks on tilted vhotos and finding height.
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“Ww IIT
‘Then the photograph is visibly sonewhat tilted and bulldings are seen
in nartlal oblique, the scale becomes inoreasingly distorted. Use
ground reasurenents and avoid reasuring in the direction of view
(1.0., tavard where the horizon would be if t11t inereased.) You will
fird that measurements taken across the direction of view near the
cantre of ths vhotograph will be fairly harmontous. A square building
will reasure shorter than it 4s in the direction of view due to fore.
shortening, A seale obtained from such tilted photographs is useful
only for rovgh annroxirations. any photow are slightly tilted. .To
detarmine how much, inspect tall objoets, buildings or stacks, at the
contro of the nhoto, All nhotos shaw a "t11t" or obligue effect
inereasing toward the edpge. A photograph over a fleld of straipoht
vertical »oles, or soldiers in formation, will shovr them anparently
leaning outrard fror: the conter,
For oblicues owver 5, from vertical, camplex methods ars usad.

HEIGHT

Tere are three methods to find the vortical heipght of objscts or
bhills. In all, the scale must first be found., After {inding the
seals, you may procesd by follawving the directions in the Photographie
_ Interpratation llandbook., In the accurate "parallax method” two overe

; "~ lapping photozraphs and considerable mathematic accuracy is rocuired,

-/ Good rasults are also obtained by the txro "shadar factor" methods,
For ono of these you rmust know the date, hour & minute of photogranhy,
for the othar you mest know true Horth, The German photographs often
rive you axact tire on the camera clock shown in the print, but the
clock was set at the squadron bass, Henea the true North or azirmth.
shadow factor rmethod is often the bsst method to try first, This is
done easily by the aid of the tables in the Ilandbook.

Note: In both shadow factor methods the coordinates of the area
photographed must also be knoim.

“
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HOW TO RECOGNIZE AND ANALYZE INDUSTRY FROM AIR PHOTOGRAPHS

Introduction:

This mamual is intended for use by intelligence officers with no
previous training in photo interpretation. It gives a twelve-step
method for analysing industrial installations shown on air photographs.
By this method, users will find it possible to recognize plants in
which they are interested and to confirm or deny certain ground reports.
Tt will be found that the experience of intelligent seeing always adds
to knowledge.

This mamal will not make the user into an industrial interpreter.
Industrial interpretation proper requires elaborate measurements and
study of visible factors affecting capacity. Those users who are in-
dustrial experts already have the technical knowledge to become superior
interpreters if they wish to go on with the study. This mamal will
- enable them to bring part of that knowledge to bear and determine how
mich farther they wish to go in exploitation of the visual record.

- Note: Although this manual is directed toward air photography,

mich of the material will be found helpful in dealing with ground
photographs. : '
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General Principles

Industrial interpretation is a three-way process of evaluating
general principles against the concrete visible facts, and using both
against ground reports.

The general principles of industrial interpretation are the
knowledge of the patterns of plant layout, the flow of materials from -
process to process, and the requirements for power, transport and
other utilities,

Certain major industries and industrial complexes have typical
patterns which can be recognized on air photography almost at a glance.
Among these are:

Hydro-Electric Power Stations Producer or Coal Gas Plants

Thermo-Electric Power Stations Coke Oven By-Product Plants

Coke, Iron and Steel Plants 01l Fields

Rolling Mills and Heavy Assembly Petroleum Refineries

Alumina-Alumirum Plants Synthetic 011 Plants (some)

A/C and A/C Engine Plants Nitrogen Fixation Plants (some)
" Shipyards Explosives Factories (large)

Submarine Pens Pulp and Paper Plants

Mines and Quarries Brickyards

Cement Plants Grain Silos and Mills

Railroad Yards and Shops Sulfuric Acid Plants (some)

The interpretation of most of these industries has been explained -
in detail in Photo Industrial Studies 1 through 9, obtainable thru D/GP.
A few general examples are shown in the Photo Interpretation Handbook,
and there are also certain reports and manuals to help you in a special-
ized study., The supplement to this manual will include a basic text and
some examples of these "standard" industries.

However, it is worth noting that the patterns of even these indus-
tries vary from country to country depending on the amount of available
land, the date of construction, the state of the technology, the raw
materials used, and the type of transport or labor, U.S. plants using
the same principles and processes often appear superficially very
different from those of Asia or Europe.

In addition to these most easily recognizable industries, there
is a host of other industries which can only analysed in a general way
from air photographs alone. These include miscellaneous engineering
and assembly plants, "light" industries such as textile mills, and a
great many chemical process plants., Here a big part is played by
reasoning, deduction, knowledge of the area, and above all, careful
observation., One must look closely for significant features which can
be used to tie down the analysis in combination with ground report.

-
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F: G R

The concrete visible facts are of course those things which are
seen on the photograph. It is very common to see, say, six buildings
where ground report says there were two. Four stacks, or none, will
be found where ground report says there was one., What is seen cannot
be doubted; it existed. One must develope something of the talents of
an amateur psychologist to determine what the source was talking about,
why he saw it that way and how much to believe. Analysis of ground
reports by the light of photographic information, reveals how inaccu-
rate most observations are. Sources who know where a place is may not
know what it is, and those who are confused about the outward appearance
of a plant sometimes do know the process used. :

Erocedure:

. To analyse industry from air photographs, work carefully through
the twelve points listed below. Cover each one; even though you feel
you know your industry almost at once, you may have to revise your Jjudge-
ment at the very end., Sometimes you will get important clues from the
things you cannot finde--~for example, the absence of labor housing, or
a lack of heavy handling equipment. Where you are puzzled, simply note
what you can see, :

The questions to answer under each point are discussed in detail
in the pages following. After each object or appearance named is a
number which refers to an illustration of that object in the supplement.
Some of these illustrations will be issued along with this text; the
remainder will be forwarded to holders of this manual as soon as avail-
able, for incorporation in a permnent looseleaf binder.

‘ The object of the illustrations is to make sure you have a clear
mental picture of at least one example of the object, in vertical view.
This is only a bare minimum, If you wish to develope your recognition
ability, keep looking closely at all kinds of photography®* and at the
world around you. For instance, do you know what ice in a river looks
like? Have you observed how foot-paths indicate ground contour? Can
you form a good idea of how your home looks from the air?

*There is an excellent JIB Guide to Reporting on Industrial Installa-
tions for ground observers. (JIB 1/6, Aug!50, and Supplement.)

-le
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Do not be discouraged at the apparent length of the procedure.
The discussion below covers almost all possible variations. After a.
few trials you will-find it becomes automatic to run over a quick
mental check list.

You may feel it is unnecessary to look at things in which you
are not directly interested, Why should an oil expert learn to recog-
nize an alumina plant? The answer is that he must develop a broad
recognition ability in order to avoid mistakes. The analyst who is
interested only in, say, coke~ovens, will see coke-ovens in places
where they do not exist, because he does not know how many other thlngs
look something like a coke-cven.

Beware of snap judgements: Each plant is an individual entity.
None of them confirm completely to pattern. Some industries "mimic"
others---for example, cement and soda ash. Certain key structures can
be overlooked or mistaken for others at small scales---e.g., smelters
for distillation towers, Plants may have been converted to other
uses with scarcely a visible trace, Certain industries are completely
uninterpretable without ground data. Specialty plants making such
things as insecticides or X-ray equipment may resemble well-known types.
Finally, non-industrial structures may create confusion---for instance,
a roller-coaster under construction.

Remember to look at the shadows. Bvery shadow means that a solid
object was there, even if you cannot see the thing itself. Shadows
are at least half of the material of interpretation.

Finally, remember how small are the things you are looking for
when seen from ten or twenty thousand feet, A rail spur can be invis-
ible. Buildings appear to merge. The most difficult point in all
photo interpretation is negative evidence---to be able to state that
something is not. there,

Here are the points to cover:

The Twelve-Step Analysis:

1) Orient youfseif---location, direction, date, scale
2) Define your plant area
3) Look over all the buildings

4) Pick out stacks, smoke and steam

3=
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5) Anzlyse commmications and traffic

6) Identify storage---warehouses, stockpiles, tanks
- 7) Study the utilities supply

8) Look for certain special recognition features

9) Check for construction, destruction, operational status
10) Note security and defenses

11) Locate the labor supply

12) lMeke sure there are no surprise factors in the vicinity

Jie
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Poi ] Yours :

Where ;i.s the place on the map? Which way is north? Where do the
roads lead to? If there is a river, which way does it run?

What sort of area is it? Urban (1) or suburban(2)? Farmland (3)7
Forested (4)? Heavy industrial plants (5) or light industries (6)7.
Warehousing (7)7 Rail junctions (8) and trans-shipment (9)7 A mili-
tary area %10)?

What is the terrain like? Rugged (11)7 Sandy (12)7 Swampy (13)7
Where is the highest ground? Was this area fought over or occupied?

What 1s the date? What time of day is it? Look in the margin
for the date: On U.S. | recon. photos the date will be on each
print; the hour-only on the first and last prints of the mission; the
clock face on German photography usually notes the day and month and
sometimes the year (14), (Initials seen there are those, of the obser-
ver.) The clock should give you the time, and will indicate the
sequence of photos in a series, Check the date by observation; is it
winter (15), summer (16), spring (17), or fall (18)7 Judging by the
shadows, what time of day is it (19)% lMeke a careful note of shadow
direction, so you can tell faint shadows of pylons and stacks from
ground marks. Note also any blurring or blobs from photographic devel-
opement (20)., Thumbprints and drops have been interpreted as ground
markings., ,

Get a mental idea of the scale. What is the ground distance
from side to side of the photograph? ILook for trucks and freight cars
to give you an idea of the size of buildings (21). You do not need
exact scale at this point; but you should be able to sort out the
buildings over 100 feet long. When you decide to determine the exact
scale, use the D/GP simplified instructions for finding scale (included
in supplement) or the formula in the Photo Interpretation Handbook.
You will probably need an Air Target Mosaic of the area or an accurate
large-scale map. The amnotated Air Target Mosaics (25 MA Series)
will also help you identify other installations in the area, Be sure
to note the date of issue; some of the information may have been super-
ceded.,

Check the photograph for tilt, Is it a true vertical or do
buildings appear in oblique view at one edge (22)? If so, you my .
have to turn the photograph around to find a more natural image,
Measurements will also be distorted; see D/GP text on scale. The
general rule is to hold vertical photographs with the shadows falling
toward you, but you will find it very helpful even with true verti-
cals to turn them around from time to time for a fresh look,

-5
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Point 2) Define the Plant Area:

Pick out the plant boundaries and follow them all the way around.
Note fences, walls, guard-towers, gates (23), and cleared fire lanes (24)
(which may also serve as security clearways). Sometimes a fence will
seem to disappear when it runs in the shadow direction (25). Check
other photos to see if it is really there. Wire fences can sometimes
be seen as thin dark strands; you are seeing the shadow of grass or
weeds along the fenceline, not the wire itself (26). Footpaths my
reveal the location of wire fences (27). Almost every Russian plant
is heavily fenced. Workers will sometimes enter through a guard-
building rather than an open gate(28).

Note any fenced-off sub-areas within your plant (29). Sometimes
these will contain special processes or research laboratories, They
may also be food or other stores, or a box plant,

You my see a formal plat of lawn, perhaps with a statue, in
front of the administration offices (30),

Is the plant crowded and jumbled, or open and well-planned (31)7
In general, does it look grimy as with coal dust, or white as with
‘construction spoil or lime (32)? Is it clean and new-looking (33)?
Have plant boundaries been changed or expanded? Check successive photo-
graphs if you have them, . .

b
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Pick out all the large buildings---and look at the smaller ones
too. Note the roof types: Flat, saw-tooth, monitor, transverse
monitor, gable, hip roof, and hangar types or "quonset" roofs (34).
Does the construction seem heavy or light (35)7 Paying close atten-

tion to shadows, pick out the tallest buildings or parts of buildings;

elevator shafts, heavy machinery, forges, smelters or chemical towers

my be here (36). Where several buildings seemed to be joined together,

check the joints closely to see if they really are interconnected;
often pipelines or conveyors can be seen at such points (37).

Note roof stains (as distinct from camouflage) and skylights,
ventilators, and other structures or openings in roofs (38).

What is the general pattern of the buildings? Can you spot
certain types such as warehouses, garages, administration offices,

research or drafting shops, personnel quarters, etc., as distinct from

process buildings where the factory operations are carried on (39)?

In looking at the process buildings themselves, you may have
already spotted such characteristic buildings as forges or foundries,
open hearths, aluminum pot-rooms, rolling mills, etc. (See Point 8)
Unmistakable as these may seem, continue to analyse the plant before
accepting them as confirmed. You may find a second industry in the
site, among other things.

Remember that trees can hide substantial structures; check winter

photos of the area (40), :

Be sure you have given a sharp look at every building. Most of

the small ones are probably sheds, miscellaneous stores, repair shops,
and so forthee-but they aren't as smll as they seem and they may give

you important clues for orienting ground reports, It is usually such
minor structures and sheds that POWs are familiar with, '

Check for underground installations, bunkers (41), tunnel

entrances (42), ete. You may see cables or pipes going into a conduit

(43). :

Note: On future photography we may expect to find evidence of

underground factories. (See the Air Force Manual 200-35 on underground

factories from World War II,) Remember, it is possible to g0 over-
board on the subject of underground installations. Reports of vast
secret stores or complete underground factories sometimes turn out
to be oil-cans in a quarry shed (44). Building foundations, bunkers
for storing vegetables, air-raid shelters, may be seen. Fuel oil
tanks are frequently buried, and show as small circular mounds (45,

If you suspect large underground diggings, where is the dirt which was

dug out (46)7

-7
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There are three types of "underground" installations: (1) Normal
industrial fire and blast protection of explosive or flammable materi-
als, covered or protected by earth walls (47); (2) Concealment during
attack consisting of camouflage or partial mounding to confuse a bom-
bardier; such camouflage usuzlly does not conceal the installation on
a photograph (48); (3) True protection from aerial bombardment or
complete concealment: This means putting vital processes and equip-
ment completely underground (49). If complete concealment is intended,
all escaping fumes and smoke, steam, excavation spoil, traffic entran-
ces, etc, mst be hidden. This is very difficult for most industrial
‘operations. Aircraft assembly, of course, may be carried on in a cavej
iron smelting, fuming acid processes, hardly. A few hundred workers
entering and leaving---not to speak of raw materials and product--—-will
leave conspicuous tracks,

However, if you really think you have an underground installation,
consult the Air Force's handbook for recognition features., It is
always worthwhile to inspect cliffsides, tumnels, old mines and
_suspiclous appearances in regions known to have natural caves.
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Point 4) Picl t stacl smol i st ;
You have already noted many stacks; now make a careful search
for all of them. Vents over small engines, kettles or furnaces may
show as thin "sticks" or shadows along a roof ridge or joint (50),
The shadows of very large stacks sometimes escape notice at first
because they are so long or are obscured by smoke (51). Check
shadow direction again; sometimes the shadow of a stack may fall
exactly along the eaves of a building and be overlooked (52). An
earth scar may similate a stack shadow (53)., Where the scale is
large, it may be impossible to get stereo on a very tall stacke--it
will appear crossed (54), Sometimes stacks are invisible, and only
the shadow can be seen. Note which stacks are smoking,

Try to distinguish smoke, steam and acid fumes, Steam is
always white (55); smoke ranges from white to dark grey (56). Look

along the roofs for small jets of escaping steam, such as may be releas-

ed periodically by a drop-hammer. Acid fumes are very hard to be
sure of; orange fumes appear white or black on different film. Fumes
in general are somewhat dense or steamy-looking, and often leave a
stain on the roofs around (57). The vents from the paint shop in an
assembly plant will also be surrounded by stain (58); and any dusty
or cindery material whitens roofs (59). .

On wartime photos, be sure you are not mistaking incendiary fires -
for industrial smoke, or vice versa (60). (If in doubt, check the
changes on the series of photos.) Bessemer "blow" flames (61), sla
and rubbish dump fires (62), waste gas flares, my also be seen.(63%.
On cold days, open "water", and warm roofs will "steam".

Check the shadows of dense smoke clouds; sometimes these resem-
ble objects (64).

If you see cooling towers, which are emitting wisps of steam (65)?
Are there any locomotives or donkey-engines letting off smoke or
steam (66)? Is there a general smoky haze over all or part of the
plant (67)7 Are any stacks water-jacketed, or carrying dust-reclaim-
ing apparatus (68)? Look at the base of stacks set slightly apart
from boiler-houses; you may see a small structure housing Cottrell
precipitators (69), ~

Finally, make sure you have not identified power pylons. statues,
chemical towers or flagpoles as stacks (70)., When in doubt, suspend
Judgement .,

O~
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‘ Your aim here is to answer these four questions: What comes into
~the plant? What goes out? What is the flow within the plant? Is there
a functional connection with other plants in the vicinity?

Take up the different means of transport step by step.
Rall: Is there a rail spur into your plant? Follow it back to the
- main line if you can., Notice connections with other plants, Look at
the cars on the spur or sidings. Are they short two-axle cars or long
U.S, type (71)? Can you identify box cars (72), flat cars (73),
tank cars (74), gondolas or hopper cars (75)? Are these full or empty?
What color is the contents* (76)7 Do you see special types of cars
such as slag ladles or "submarines® for molten metal (7%’(;~

In considering car shapes, look for the typical shadows of tank
cars (humps along back) (78) or ore hoppers (79). Sometimes large tanks
for chemicals are housed within ordinary box-cars.

Look at the cars standing about within the plant; they are proba=-
bly near storage buildings.,

Where does freight load and unload? Are there trestles or bunkers(80)%
Is there a loading rack for liquids (81)7 Follow rail lines within the
plant; where the curves seem very short radius, remember individual cars
can be pulled about by tractor or horses. '

Does the plant have its own narrow-guage railroad, perhaps rumnnirg
to another plant or a storage or transshipment area(8257

The plant may have its own rolling stock; look for the barns, and
repair shop (83).

Look for rail lines running into buildings; here heavy metal caste
ings, rolled shapes (84) or bulk materisls are being handled (85). A
small building through which rails run may be a weigh house (86), (True
also for truck transport),

Try to disting‘uiéh.rail lines from trolley lines bringing in work-
ers; a town map is handy here (87).

Notice the direction of sidihgs and switches; it is sometimes
possible to analyze the direction of flow on the basis that the lines

should be laid out to avoid extra backing and filling (88). They may
not be, however. :

*Shiny SIEEaces such as coal may photograph light
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Finally, be sure your railroad is really there; abondoned lines
and roadbeds under construction can be confusing (89). Check neces-
sary bridge where the rails or their shadows can be seen. Rail-
roads with no traffic are always under suspicion. Although this is
not strictly a part of your industrial analysis, it is worth noting
that the presence of rolling stock at terminals can prove that a line
is operational if you are sure of the route,

MWater: Is the plant served directly by water transport, or by a short
land run to a wharf nearby? Can you see barges or ships for ore,
cement, coal, stone, timber, etc.(90)? How about tankers (S1)?
Timber and other items are sometimes floated in rafts (92).

Check the docks for heavy handling equipment, cranes, conveyors(93),
etce Is there a bunkering pier for liquids (94)? Maybe there is a
speclal fenced area on the dock serving your plant.

Check the freezing dates, Can your plant move traffic all year?
How about floods? ILook along the benk for high water level marks(95).

Ajxr: Is there a strip oi' field near your plant? Is your plant making
parts of planes or otherwise serving the field (96)?

Road: Follow the roads and note signs of traffic. Are you sure you
can tell a motor road from a railroad? Follow the turns; one sharp
turn 1s enough to distinguish a highway (97). Highways also usually
appear lighter, due to their smooth surface but not always. Truck
routes often fan out cross-country during dry seasons (98).

Can your plant's product be moved by truck or under its own power?
Look for truck types visible; they may tie in with ground reports(99).
Do workers come in by truck or bus?

2 Check around the perimeter of
the plant for pipelines or earth scars (100); plants often supply
steam to neighboring areas., Look also for drainage ditches and
small water channels. Industrial waste flowing from a building may
be a clue to process (101). Pipelines can often be picked up when
they cross ditches. Very large pipelines will contain gas, used
elther as fuel or raw meterial (102), Linde liquid air plants,
for instance, pipe in clean air from the country (103), :

Eoyer: look for pylons bringing in the electric supply (104). The
cable may be underground; sometimes you can pick up the earth
scars (105),

¢ Here you consider all means of transport,
trucks, rail, pipelines, and especially heavy cranes and conveyor
systéms, Look for the high ends of conveyors (the shadows will help)
(106),  Material normally=—-but not always---IOVes Up & conveyor.

-11-
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Long conveyors may be broken into stagest There will often be a screen=-
ing, cleaning or crushing process at the break, Horizontal conveyors
are hard to distinguish from overhead passageways, cable or smoke con-
duits (107).

By now you will probably have a good idea of at least part of the
flow within the plant (108), Sometimes raw materials will fan out
through several alternative processes (109)., Sometimes the layout is
80 complicated that no clear-cut flow is visible. Older plants which
have been expanded present problems; new builldings may be interjected
into the flow; making awkward operations (110). Sometimes the new
plant exists side-by-side with the partly abondoned older works(111),

:Remember that most industries have small sub-plants, by-products
or contributory processes; for example, carbon-paste electrode plants
or cryolite plants at aluminum works, bricquetting plants at coal mines
or power plants, box factories or powder-bag shops at ammmition plants,
sulfuric acid plants at film factories, a refractory brick plants at a
blast furnace, etc. (112). Only ground information can disentangle
such subsidiary processes. '

2=
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Point 6) Tdentify the Storage:

In analyzing the traffic you will have found much of the
storage within the plant., Now look for all visible places or
containers where materials are stored., This includes warehouses,
storage yards, stock piles, waste dumps, ponds and reservoirs and
tanks,

Warehouses: You may find a group of sheds or buildings with plain
gable or flat roofs (113), a single large building or two (114),
or a wing or annex to the process buildings (115). The typical
warehouse has no stacks and has rail spurs or reads ruining
along the end or side. A group of warehouses separate from the
plant can be distinguished from barracks by their closeness and
by these roads or spurs (116). Crates or other shipping materials,
sometimes the product itself will be often seen piled in the open
nearby (117). The presence of extensive warehouse capacity means
a bulky raw material or product subject to weather damage; for
example, bauxite, cotton., Grain silos and elevators (118) are a
special type of warehouse. So are cement (119) and bauxite
silos (12%?. Magazines for ammnition or explosives are another
special case; these are distinguished by protective blast walls
or wide spacing (121).

Open Storage Yards: Here you will find weather-proof bulk materials
such as ore, coal, coke, limestone (122), lumber (123) steel or
iron scrap (124), castings, rolled metal products (125) and
partly finished items such as M/V mlls (126), etc. Sulfur is
also often stored in the open, and identifies itself by its
whiteness (127). Look for the cars or other equipment used to
bring the materials into the plant. Inspect the cranes or con-
veyors used to feed the materials into the process (128). The
scoop-marks of overhead bucket or clamshell cranes will show
on good photography. Try to guess in what order the piles are
used, HReserve stock piles are generally smoothed down and show
weather erosion (129). Try to estimate whether the storage yards
are unusually full or empty (130). Is the supply seasonal, as
in the coal supply of many Eurepean Russian plants?

Where metal pieces are visible in plant storage yards, it
is sometimes difficult to tell which are finished products.
Plants may have several mills or assembly shops where the product
of one shop is the raw material of the another e.g., draw mills
making rods, wire and nails (131).

Simple Steck Piles: These will be found in plants not fully mechanized:
Asiatic plants formerly looked different from those in the U.S, in
this respect (132). Stock piles are seen where small supplies are
needed, for instance, at foundries a pile of sand is usually kept
nearby (133). Piles of spoiled castings or wood models may

-13- ‘
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be seen around metallurigical shops (134). An excess supply of
some material may be simply piled in a vacant corner of the plant.
In Russian sulfuric acid plants, pyrites may be seen piled about;
this sort of thing is often difficult to tell from excavation
spoil (135). : ~

Slag and Waste Dumps: This is a special case of open storage. Waste
usually fans out from a central dumping point, with spurs or

roads built to the edges (136). Mine tailings are typically a
sharp conical pile, carried up by a skip hoist (137). Sometimes
cindery waste is used as fill or roadbed. The slag from steel
smelters can be used to make cement, and a cement works will often
be seen nearby (138).

The waste my be semi-liquid, as in the red mud pond which
forms an identification feature of Bayer process alumina works(139).

Radiocactive waste disposal should provide a recognition pos-
sibility for certain atomic industry installations,

Ponds and Reservoirs: Water is of course stored in the open; in the
- USSR open storage reservoirs for crude oil are also seen on World

War IT photography (140), These crude oil reservoirs may be cir--
cular or rectangular, resembling a large swimming pool. Such oil
storage is usually distinguishable by fire moats or ditches (141),
- Open pits or reservoirs, when empty, are easy to mistake for tank -
or building foundations. Check for the incoming piping, often
visible as a ditch or recent earth scar (142)., Ponds or reservoirs
always raise the questions, what is the liquid used for and how
is it brought in? Filtering and aerating ponds or tanks will
look like. reservoirs, and my be discussed here. These are for
aerating or cooling water by spraying jets into the air above a
pond, When in operation, they can be seen as a fuzzy white appear-
ance over the surface of the pond (143). Settling and sludging
tanks will be found at water treatment plants and also where dust
is removed from water used to clean gas, for instance, at a blast
furnace plant.. These are shallow circular ponds, sometimes
covered. A typical sludge tank has a rotating arm carrying a spray,
like the sweep hand of a clock (144), Slurry tanks in alumina
works (145), poaching tanks and settling pits at pyrocellulose
works (146) are also possible to mistake for reservoirs. Only a
knowledge of the process involved at the plant will identify them,
However, plain water storage and treatment is in general much '
larger than any of these (147).

Tapks: First, learn the shapes of the various types of tanks (148),
Gag Holders are the largest. The older type "wet" gas holder are

in collapsible sections which rise up and down within the steel
framework depending on whether the tank is full or empty (149).
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In the future, more spherical or fixed cylindrical gas tanks may
be seen. You will see gas holders at coke ovens and blast furnace
plants, synthetic oil and rubber plants, and wherever producer

or synthesis gas is made, Natural gas for heating or other use
is also a possibility.

¢ When a group of the typical "asperin-tablet"
gasoline or oil tanks are seen, the first thing to decide is
whether it is simply a tank farm such as occur at transshipment
boints, or whether they are serving a nearby oil field, refinery
or other processing plant. Crude oil or gasoline tank farms will
usually consist of the same type of tank, unless all the products
of a nearby refinery are being stored for transshipment, as at
Gorky (150). A refinery, on the other hand will usually show
different types, not only for crude and finished gasoline, which
normally form the bulk of the capacity*, but also for fuel, lube
oils, tars, high octane waxes, and volatile gases, Study the
1ustrations of tanks for different products; they will give you
clues to process (151). Crude, low octane gasoline, kerosene,
lube and fuel oils will be stored in fixed-roof tanks; high octane
gasoline, being more volatile, is best stored in floating-roof
tanks. (look for the shadow inside the roof line on partly empty
tanks,) Groups of smaller fixed-roof cylindrical tanks may be
for partially processed oils, or perhaps waxes or tars. Aviation
gas components such as butane and alkylates are stored under pres-
sure in spherical, or spheriodal tanks, or in sausage-shaped tanks
which my be placed either vertically or horizontally (152). Look
for the nipped-in corners of the shadows at the base of spheriodal
- or blimp-shaped tanks. If you can measure tank diameter and height,
capacity can easily determined by using the capacity scale in
the Photo Interpretation Handbook. Gasoline and oil my of course
be stored in drums and 5-gallon cans, and stacks of these my be
seen in the open (153)s Strings of drums may be towed by a river-
tug; the empties may serve as rafts (154),

Chemical tanks: Never as large as the big oil and gas tanks, and
varied in shape (155). Racks of horizontal sausage tanks may
store acids or solvents (156). A coke-oven by=-product plant shows
many shapes and sizes of tanks (157). The most identifiable tank,
and one of the most ﬂ.mgortant, is the hopper-type tank for ammonia.,
(See illustration #148) Without going into the possible complex-
ities, inspect your plant for tanks, especially isolated tanks or
small groups beside buildings, where a liquid is piped into the
process or taken out of it %158). (For example, the caustic
storage tanks in an alumina works.) Perhaps your tank contains
fuel for a furnace or motor inside. You will usually not be able
to determine exactly what such tanks are for without further,

*Crude oil stores will not of course, be seen at synthetic oil refineries.
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information, but their presence my serve to tie down an important
reported process.

Finally, there are some liquid chemicals which are shipped in crated
carboys, for instance, formalin, Here you may never see a visible
t_ank.

Water Tanks: Look for the typical water tower, usually easily pick-
ed out by the shadow of its framework base (159). Sometimes the

base will be solid, and the tower can be mistaken for an isoclated
stack (160)., Look for the earth scars running from the source and

to the place of use, Shot towers, minarets and old castles have

been taken for water towers, Water tanks will sometimes be found

on hills, with a water line leading up from the pump station on a
river or other water (161)., Cisterns may also be seen on high ground.

A Final Word on Tanks: Unless the photography is very sharp and large
in scale, you will not be able to be certain about the smaller tanks.

(162)s Tall cylindrical tanks look like process towers or stacks.
Banks of smaller tanks blur and look like buildings. The outlines of
individual tanks lose their rounded character., Shadows obscure them,
Even on large scale photography, condensers, absorbers and other
cylindrical equipment cannot be told from tanks, Tanks may be roofed
over completely for weather protection or camouflage. Do not expect
certitude.

- Camouflage: On photographs from World War II, large Russian oil tanks
are sometimes seen to be camouflaged as square buildings (163). These
can be spotted by a certain "abnormal" look; on clear photos such
as those of Tula, the circular fire moats can be glimpsed at the
sides (164)e Another World War II camouflage device was netting,
which turns tanks into blurry mounds (165).

Undersround Storage: See the note on underground installations under
Point 3. 0il tanks, of course are frequently buried or mounded

over as a fire protection., (See illustration #45) Crude oil can

be pumped into underground caverns., Mines and caves, when dry, form
useful storage sites for certain purposes. Check roads or rail
spurs which go into tunnels (166).
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Point 7) Study the Utilities Supply:

Plants need electric power; steam for engines or heat; water,
for steam, washing or cooling, and fuel such as oil, coal, gas, or
other. Most of these you have already noted under storage, stacks;
or traffic; now check them through.

Electric Power: Where does your plant get power? Many large Russian
plants have the main power plant for the area on the grounds,
Power can be the limiting factor in industrial production; before
identifying an alumimum factory, for instance, make sure you have
an adequate power source. Outdoor substations are often clearly
visible, as are pylons and sometimes buried cable scars (167).

In wooded areas the power line often runs through a cleared lane
(168). Knowledge of the power available may help you to estimate
the capacity of your plant. Both hydro-electric and thermal
electric power stations are illustrated in the Photo Interpre-
tation Handbook; a few examples and layouts will be included in
the supplement to this text (169).

Steam: Check your plant for boiler houses, in addition to steam obtained
from any thermal power plant nearby (170). Steam pipelines are
large, because of the insulation, and can be identified by expan-
sion bends (171). Buried steam pipelines usually affect the vege-
tation over them or melt the snow (172). Large boiler plants often
supply heating steam to neighboring towns or industries.

Cooling towers and condensers: In addition to the typical eylindrical
- cooling towers, look for rectangular steam cooling "towers" which

look like thin bricks standing on their sides (173). In both
types, steam is condensed by passing over baffles; a certain per-
centage escapes and appears as a wispy cloud. (See illustration
#65) lModern ‘industrial practice eliminates more and more of this
waste by cycling the steam through heat exchangers and other
devices, If you see abandoned or demelished cooling towers, it
may indicate new equipment rather than decreased operations (174).

Water: As noted above, water is used not only to create steam, but for
cooling and washing. This latter use may require very considerable
quantities, Have you located a sufficient water supply for your
plant? Does the water need treatment or purification, or can it
be used direct from a river or lake (175)?

Fuel: You have probably located the fuel supply and storage.
Remember that alternative fuels may be used when the conventional
supply is scarce. Are there peat cuttings near your plant (176)?
If coal is used, is it solid or reduced to dust and fed by blowers?
This may account for extra structures in the coaling system.

17~
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Point 8) Special Recognition Features: -

Here you are concerned with those special industrial installations
or equipment whose appearance mst be memorized in order to recognize
the industries containing them. Some, such as coke ovens, are the
industry in question. Others, like rotary kilns, are found combined
with different equipment in several types of plants.

Of course, all those items you have already checked are "special
features" of industry. The structures listed in this section are found
4n certain industries only and point to specific processes.

No such 1list can be final. Experts in each industrial field will
desire to add certain specialized structures not known to the general
interpreter. Priorities change; specialized structures become crucial
targets. Minor differences become significant. O0ld equipment is put
to new uses. New equipment appears. This, however, will give you a
basic list of industrial recognition features with which you can reason-
ably expect to become familiar and which are found in the major industries
as they are seen today:

Electric Power Plants (177)

Coke Ovena (178)

Blast Furnaces and Hot Stoves (179)

Bessemer Building (180)

Open Hearths Building (181)

Rolling Mills (182) -
Aluminum Pot Rooms (183)

Smelters for Copper, Lead, Zinc (184)

Vertical, Rotary, & Horizoental Kilns (185)
Foundries with Cupola Furnaces (when visible) (186)
Forges (187)

Nitroglycerin Plants (188)

Nitric Acid Absorbtion Towers (189)

Electric Substations (190)

Pipe and Shell Stills (191)

01l Derricks, Jacks and "Christmas Trees" (192)
Fractionating and Alkylation Towers (193)

Gas Cleaners, Scrubbers, Precipitators (194)
Hydrogenation Stalls (195)

Mine Heads (196)

uarries and Open-pit Mines (197)

Aero-Fngine Test Beds (198)

Shipyard Ways and Dry Docks (199)

Test Basins (200)

Wind Tunnels (201)

Gun Test Ranges (202)

M/V Test Courses (203)

Plus:

1) Storage structures already discussed, including
particularly the various types of tanks,
gas-holders, magazines, and silos _ -
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2) Transportation equipment already discussed

It should be noted here that recognition features mist be used
as parts of a pattern. Hydrogenation stalls make sense as part of a
Bergius synthetic oil refinery; they do not mke sense in a shipyard,
The presence of a gas-holder influences Yyour decision about whether
certain installation is a retort for water gas geheration. The ad-
vanced recognition clues are the relations between things, which are
grasped after you have learned the appearance of the things in isolation.

-19-
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Point 9) Check for Construction. Destruction & Operational, Status:

Be sure to look your plant over carefully for new construction;
foundations for new buildings, tanks, pits, ditches for utilities
lines, fencing-in of additional area, new roads or rail beds, construc-
tion materials piled about (204). Photos taken at different dates
should be compared to pick out changes. On wartime photography, it is
sometimes hard to distinguish construction from destruction. Recent
destruction is disorderly and irregular; look for charring or blast
damage on adjacent buildings (205)., It is sometimes clearly possible
to tell HE blast holes from fire gutting (206). Note---after the rubble
has been partially cleared, and reconstruction started, it becomes more
and more difficult to distinguish from construction; only comparison with
previous cover can help here (207), Damage to structures under construc-
tion is hopeless to analyze without comparative cover. Demolition is
a special case of construction, usually found with evacuation of plant
equipment. Ground report will indicate this. In some cases, the
retreating owners knocked out central supports, allowing walls to col=-
lapse more or less whole, to facilitate reconstruction. Even gutted
plants are worth analyzing, because of the practice of rebuilding on
the same sites, thus saving new engineering, and making use of the
foundations, railbeds, utility lines etc. which constitute so much of
the labor of plant construction (208), Your check of cqnstruction and
destruction and your stack and smoke count, will have covered most of
the question of gperational status, and conversion so far as this can
be observed. Conversions from gun stocks to furniture cannot be seen,
of course; but you can see a fertilizer factory at an explosives plant.
Notice new traffic patterns, signs of disuse of roads and structures in
parts of the plant (209).

=20=
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P 0 Secur] 2 Defenses:

How important is your plant? Security measures, fencing, guard
posts, militia units, gun positions, watch dog kemnels, camouflage,
searchlights, all give indications (210). There may be special air-
raid bunkers for personnel., Fire protection is also a security
measure; fire control apparatus will be housed in a garage or fire
control point (211).

Note: On wartime photography of the European USSR, you may see
plants surrounded by ground fortifications and AA positions, in which

that particular factory was defended from a terrain or tactical point
of view rather than because of its industrial significance (212).

21 -
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Point 11) Locate the Iabor Sup;g]x:t

Where do the workers come from? Look for barracks, housing devel-
opements, residential suburbs (213). Look up the location and numerical
designation of POW camps in the area; this will help you tie in with
ground reports, and you may occasionally be able to verli‘y or deny them
from this point alone (214).

How are the workers brought in? Are new labor barracks under con-
struction in the area? Conscript camps are difficult to tell from
military barracks without research, except in cases where the equipment
of armored units, or obvious connection with airfields, etc., can be seen.

You may note special housing for managers or technical personnel.

In considering plant personnel as a whole, remember that some of
the plant buildings may well include canteens, first aid station, clothing
or food warehouses, etc,

-22-
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P Are No Sienificant Unlqown F
Envirnment: |

Before you call your analysis complete, be sure you have not

overlooked background facts which might change your opinions.

Everyone who has analyzed industries in unfamiliar areas sooner or
Jlater has the experience of drawing false conclusions because of ignor-
ance or some local factor. Is there a sister plant nearby performing
some part of the process? Where is your product to be used? If it is
perishable or sensitive, can it be transported that far? What about
the raw meterials called for? Are they available? What are the natu-
ral resources or special industries of the region? Agricultural crops
can prove baffling; the labor camps you see may be for seasonal workers;
drying sheds or silos for produce may have been interpreted as part

of your industrial complex. Sometimes an agricultural byproduct will
serve as fuel. Puzzling appearances may be resolved by a knowledge of
climate; do high floods occur? Does extreme cold or heat require
special construction? Intense winds (215)7 You have of course ascer-
tained where the nearby cities are; how about big rail or water junce
tion points? Very old historical towns or Czarist industries my
preserve their outlines in the midst of new structures when see from the
air., The outlines of old city blocks can sometimes be traced in the
grounds of new plants (215). Prehistoric mounds or town walls are
visible in the growth pattern of long-cultivated fields (217)s. Local
activities, perhaps religious, or perhaps surveying or scientific
experimentation, may be noticeable (218). Asian tombs, monuments

and cemeteries have been confused with many things including gun
positions (219), Has there been a sweeping political or economic
program affecting your area(220)7 This my explain an apparently _
irrational order of construction. Is a new rail line or canal coming
into the area?

This does not mean that you must know everything about everything
before you can analyze a plant., Mich of what you learn will not
be used in a quick one-time survey, or will at most be used to satisfy
you of the correctness of your analysis. As you continue making such
analysas, however, you will find that "extra" information from one
area enables you to make quick correlations in another. When new
photography of one of your plants comes to hand, your information on
the enviromment will give you an understanding of the significance of
changes in the whole pattern. In your experience in dealing with
intelligence from visual records, you will soon appreciate the use-
fulness of what may at first seem to be mere curiosity.

Finally, it is always worthwhile to look for ground photographs
of your plant. O0ld photographs may show buildings under construction
and equipment being installed (221), It is often possible to cone
firm the operational status of a reconstructed plant by using recent
ground photography in combination with those taken during the war (222),

-23-
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BASIC INDUSTRIAL PHOTO INTERPRETATION

Chapters 7 through 15, 27, and 28 extracted
from "Photo Intelligence for Combat Aviation,”
Army Air Force School of Applied Tacties,
April 1944 (A1164-15C)

Subjects: Hydro-Electric Power Plants
A4 Thermal Electric Power Plants

Coal

Coking and Gas Flants

Petroleum

Chemical Industries
Synthetic Fuels
Synthetic Rubber
Nitrogen Fixation
Explosives

Iron and Steel

Aluminum

Assembly Industries

Lumber and Pulp

Cement and Lime Plants

Ceramic Plants

Shipbuilding Yards

- Transportation
Industrial Clues
Industrial Camouflage
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HYDRO-ELECTRIC POWER PLANTS

1. A hydro-electric plant depends upon a constant source of
water at some elevation above the generating plant. They usually
are situated in hilly or mountainous country. In the United States,
about 40% of the commercial electric power is produced by hydro-
electric plants. Scandinavia, Southern Germany, Italy and Japan
are well supplied with hydro-eclectric plants. In these plants the
energy of falling water is used to turn water turbines which drive
the electric generators. The turbines are very efficient. The
quantity of water necessary depends upon the height from which
the water falls, The greater the fall or "head," the less volume
of water necessary to produce a given amount of electric power.

2. Water to operate hydro-electric plants is stored in natural
lakes or behind dams. Where the water is stored behind a dam, it
is usual to erect the generating plant in or at the foot of the dam.
When a natural lake is used and in some cases of artificial lakes,
the hydro-electric plant may be a mile or so away at a lower elevation.
The water is carried to the water turbines in penstocks. These hugh
pipes may lie on the surface or be buried. Sometime, they are tummeled
through solid rock. When a hydro-electric plant is composed of several
generating units, it is possible to determine how many are in operation
by the number of points discharging expended water into the "tail
race,"

3. Hydro-electric power plants may be recognized by their posi-
tion close to a dam or near a lake, the penstocks and tail race,
the transformer stations and distributing high lines. The plants
themselves are relatively small concrete or masonry buildings.

4. The electricity generated by a hydro-electric plant may be
used locally or transmitted long distances. If the current is to be
- used locally, it may be distributed to the consumers at the voltage
generated. DBecause the line drop is about 1000 volts per hundred
- miles, current to be distributed is stepped up to 110,000 or 220,000
volts at a transformer station close to the power plant. From this
station the current is carried across country on cables suspended
from steel towers. The paths of these "high lines" are direct and
easily recognized., The distance between the individual cables of
a high line 1s related to the voltage of the current carried.

5. Transformer stations are rarely recognizable on photographs
with a scale less than 1:10,000, On larger scale verticals they appear
as small rectangular structures composed of a framework of light steel
surrounding the transformers and forming a unit in a high line. Some-
times, one is found on the roof of the generator building.
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THERMAL ELECTRIC POWER PLANTS

1. Thermal electrie power plants are more frequently seen than
are hydro-electric plants. The fuel used is usually coal. Some plants
utilize fuel oil or gas. These are usually small plants. Commercial
thermal electric power plants should be sought close to a cheap means of
“transportation. They will be on the waterfront or a eanal if fuel can be
brought in by ship or barge; otherwise, they will be serviced by a rail-
road. The size and number of the chimmeys and size of the fuel reserve
are incongruous with the size of the building. This makes the installa-
tion easy to recognize. Since the water used in the boilers is used over
and over again, a condenser system is incorporated in the plant. In most
Buropean plants this is in the form of huge, out-of-doors cooling towers.
These may be as much as 100 feet in diameter, and when in operation they
show a slight plume of steam. The fuel stock piles are accompanied by
various types of handling machinery - bucket hoists, cranes and endless
belt conveyors. A small transformer yard may be visible close to the
power plant, The power may be distributed by overhead or buried cables.

2. Commercial steam plants closely resenmble thermal electric power
plants., It is often impossible to determine the difference. Usually, it
is possible to recognize two sections in a thermal electric plant, the
boiler room and the generator room. Usually, a thermal electric plant
has a transformer yard. A steam plant does not have a generator room nor
a transformer yard.

3, - The power plants for industrial installations are usually double-
purpose, producing both steam and electricity for use in the factory.
Whether it is a steam or thermal electric plant, its location in the entire
installation can be determined by the presence of the tall chimney or chim-
neys and a fuel supply. However, if the electric power is produced by a
diesel-driven generator, it may not be possible to locate the power house.
Sometimes, the exhaust vents or fuel tanks will give a clue to its position.

2,
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COAL

1. Coal is the principal fuel, It is found in a variety of forms
with differing qualities and uses. Anthracite or hard coal and bitu-
minous or soft coal are the principal forms. The former is useful
solely as a fuel. The latter, being rich in hydrocarbons, is the source
of many useful products, such as coke, gas, coal tars and other chemicals.
These coals can be stored without affecting their fuel value. The third
principal variety is lignite. It is a poor fuel, but the source of many
valuable products and is the basis of Germany's chemical and synthetic
industries, It does not store well. Because of this, it is mined as it
is used and no above-ground reserves are accumlated,

2, Anthracite and bituminous coals usually are shaft mined, lignite
by stripping in open pits, Shaft mines can be recognized by the mine
head buildings and hoists, the power house to operate the mine machinery,
sorting house to clean the coal of slate and other gross impurities,
pumping station, dump piles of waste, and stock piles of mined coal
ready for shipment, transportation facilities and handling equipment,
conveyors, cranes, hoppers, etc., The color of the stock piles will
generally identify the material as coal.

3. An extensive shallow excavation with many railway tracks
radiating through it and long low piles of a dark substance between the
tracks are characteristic of an open pit lignite mine. The actual
mining may be done by small "steam shovels" or mamally, Light loading
equipment may be found if the scale of the photographs is large enough.
There are only a few scattered small buildings associated with the mine.
Transportation for the lignite may be either railway or canal. There
may be loading facilitiss for the transport agent., An industrial
plant utilizing the lignite may be adjacent to the mine., There may be
a briquetting plant at the mine,
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COKING PLANTS*

1, Bituminous coal and lignite are destructively distilled
and produce coke, illuminating gas, ammonia, coal tar, and many
other chemical substances, An installation performing this pro-
cess is called a coking plant. A coking plant is composed of
coking ovens, scrubbers, gasometers and chemical recovery instal-
lations. The coking ovens are long, narrow, rectangular buildings
with a tall stack at either or both ends. One part of the building
1s tall, This section contains the grinders and charging equipment.
The building is flanked by railway spurs. On one side the coal to
be coked is received and transferred to the individual ovens. Cn
the opposite side, the railway carries the cars that receive the
finished coke from the ovens. The red-hot coke is pushed out of
the narrow oven by a ram operated from the charging side. The coke
bursts into flame as it strikes the air. As soon as a car is loaded
it is run under a quencher. Here, quantities of water are showered
upon it. If the quencher is open, & great cloud of steam arises.
This is wasteful of heat, so in modern plants the quencher is closed
and the steam produced is put to work, Along the top of the ovens
are huge pipes that load off the gases produced in the ovens.

2. The gases are led from the ovens to the condensers where
the liquifiable substances are removed, In this process the gases
are cooled, The liquid substances are stored in small outside
tanks, wusually close to the condensation plant. The building
housing this process has no other characteristics. From it the
cooled gases pass through the scrubbers where the ammonia is
removed. The water from the scrubbers is neutralized with sul-
pluric acid and then evaporated to recover the ammonium sulphate,
The washed gases from the scrubbers are piped to the gasometers
for storage, either close by or some distance away,

*See Photo Industrial Study No. 3
"Coke, Iron and Steel"”

b,
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3. The gasometers are large cylindrical metal tanks., There
are two general types, wet and dry. Wet tanks float in water 1like
an inverted tumbler partly filled with air. The gas in the tank
supplies the moyancy. Wet gasometers are surrounded by a lat-
tice of steel girders. As the volume of stored gas changes, the
tank moves up and down within this lattice., Dry gasometers differ
in two observable respects, They are not surrounded by a steel
lattice and they are always the same height., The adjustment to
the volume of gas in storage is mgde by a huge internal piston
that operates from the bottom of the gasometer.

4, Another widely used type of fuel gas is made from coke,
It is called water-gas, This is made by forcing steam through
white-hot coke in the absence of air, The installation resembles
a small set of coking ovens. There is no quenching tower or large
chemical building in a water-gas plant, only oven-like chambers,
a tall stack and loading devices, boiler house, a pumping station
and stock pile of coke. As in a coking plant, the gasometer may
be close by or at some distance. A producer-gas plant is a simi-
lar installation in which a stream of hot air is substituted for
the steam,

5.
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PETROLEUM*

1, The discussion of petroleum can be divided conveniently
into four parts: production, transportation, refining and storing.
Spotted here and there over the earth's surface are areas beneath
which are pools of crude oil, These pools are reached by drilling
a hole down into them. After the pool has been tapped by a well,
it is often expedient to leave the "rig" or derrick that was used
to handle the drill in place. They are built in a slender pyramid
of light steel or wood beams. Their shadows at once identify them,
The wells in a field are connected with the pumping station and
storage tanks. The power for pumping may be produced on the field

" at one or more power plants or be supplied by a "high line."

2, 0il fields are frequently in isolated areas away from the
regions where the petroleum products are to be used. The crude
oil is usually transported many, even thousands, of miles to the
refinery. Three methods are used, often in combination: tank
car trains on railways, tank barges or ocean tankers on waterways
and pipe lines. Pipe lines may be hundreds of miles long. They
follow the straightest possible route. Along their course are
pumping stations to keep the oil moving. Pipe line routes may
be recognized on aerial photographs as narrow light lines cutting
straight across the country. They may be swung across rivers and
ravines by suspension cables. They may cross some rivers in a
trench blasted into the bottom, '

3. The destination of crude oil, whether it is carried by
tanker, tank car or pipe line, is the refinery. Here , the crude
01l is fractionally distilled and the various products of commerce
separated, The most important of these are gasoline, kerosene,
lubricating oils, greases, parafin, pitch and oil-coke. The
principal installations at a refinery are the stills and power
plant., Every photo interpreter should be able to make a preliminary
report on an oil refinery, but only a petroleum technologist can be
expected to write a comprehensive report. The batch stills are
horizontal cylinders that look like a boiler. At one end is a
vertical element and a lot of piping called the fractionating
tower, At the other is the boiler house with its accompanying
tall stack. In older installations a battery of batch stills is
operated from a single boiler house. In modern plants each still
has its own boiler house, Steam produced in the boiler house is
piped to the still, where it vaporizes the crude oil. This vapor
flows into the fractionating tower, where the different products
are led off by pipes at different levels, usually the least volatile
at the bottom, the most volatile at the top. From the tower the
fractions may be led to other stills for further refining or to

*See Photo Industrial Study No. 3
"The Petrocleum Industry"
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storage tanks, The boiler house, the horizontal still, the
fractionating tower and its maze of pipes, identify a petroleum
refining unit,

L, "Cracking" units are a particular type of petroleum still
that increases the yileld of the more volatile fractions during
the distillation, There are several different processes used for
this, and in each plant the details of arrangement differ., In a
preliminary report these units need not be separated from the stills,

5. Power houses are recognized by their usual characteristies,
Other buildings assocliated with a refinery are control houses,
usually small and near the stills; administration buildings, usually
at the edge of the installation near a highway; laboratory, usually
near or in the administration building.

6., Before and after passage through a refinery, crude oil
and its products are stored in tanks. Groups of these tanks are
called a tank farm. Tanks for storing various types of petroleum
products differ somewhat in size, form and dispersal. In general,
those products that are inflammpble are stored in well dispersed
tanks, each surrounded by a low revetment, Thése revetments are
designed to contain the capacity of the tank in case of damage.
Farms for the storage of crude oil are made up of the largest size
tanks., 'Gasoline and kerosene are stored in similar but smaller
tanks, Some of the high-test gasoline tanks can be recognized
by floating lids. Such lids are used to reduce losses through
evaporation and to reduce the fire hazard from accurmlated vapor
in the tank. (Recent technique in the United States uses a
spheroid tank for storing highly volatile products, like aviation
gas. In these tanks the liquids are kept under pressure.) Some
of the gaseous products, such as utane, are kept under pressure
in horizontal eylindrical tanks with round ends. These are
variously called blimps, bottles and bullets. Iubricating oils
are stored in small cylindrical tanks,

7. a. The capacity of a cylindrical tank can be estimated
by the following formlas
(1) L x/D\2 x 3.142% volume, in cubic feet
2
when I. = length in feet
D = diameter in feet
(2) Volume in cubic feet x 7.48 = U,S, gallons
(3) Volume in cubic feet x 0.178 = U,S, petroleum barrels
b. The capacity of a bottle can be estimated by adding
one-third of the length of the rounded ends to the
length of the cylindrical portion and using the above
formulae.
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c. The volume of a spheroid can be estimated by the fol-
lowing formmla: ;

(H—L{;—]')_)B x 4,189 = volume in cubic feet

when D = diameter in feet
H = height in feet

8.
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CHEMICAL INDUSTRIES
GENERAL

1. No hard and fast definition can be given for a chemical
industry. There are, in fact, very few industries into which
chemistry does not enter, The term is used here for those
mnitions industries in which chemistry plays a major parte.

Some of themare born of war, others are normal to peacetime
economy., The synthesis of fuel and rubber substitutes are
chemical industries brought about by war., The fixation of
nitrogen, war-born in 1913, is now a peacetime industry

expanded for war, The development of the chemical industries

in peacetime is an excellent indication of the technological
development of a nation. It is probable that no nation is chemi-
cally self-sufficient, ‘

2. There are so many different types of chemical plants
that no person can be expected to recognize all of them. Many
plants bear no cutward indication of the industry contained.
Only a few of the industries most important to the Axis nations
need be recognized by all photo interpreters. These are synthetic
oils, synthetic rubber, fixation of nitrogen and explosives. There
are a few general characteristics common to many chemical plants,
When they are found, a chemical plant should be suspected., These
are,

a., An accumlation of cylindrical tanks often quite
varied in size and erected in clusters,

b. Considerable overhead piping that connects buildings
: with buildings or tanks,

c. Vented roofs and tall fume stacks,

d. Buildings of various shapes and sizes placed with
little regard to an aesthetic arrangement.

S.
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SYNTHETIC FUELS

1. Truly synthetic motor fuels are of two varieties -
hydrocarbons, which are substances like gasoline; and alcohol-
plus-ether mixtures. The former are made from coal, air and
water. The latter are produced by fermenting sugars or starches
or by direct synthesis from coal, air and water. Much alcohol
is produced by former liquor distilleries. Both types of motor
fuel are used by the Axis.

2. The most important synthetic motor fuel is the hydrocarbon.
It is made by hydrogenating coal. In this process the coal is
finely pulverized and mixed with oil to make a paste. The paste
is heated and pumped into converters, where under high pressure
it is forced to combine with hydrogen. The product is then sep-
arated into fuel gas, motor fuel, a heavy oil portion that is used
to make further paste, and unreacted coal. Only about 5 per cent
of the coal remains unreacted., One ton of coal will yield about
4O gallons of motor fuel, 50 gallons of Diesel fuel, 35 gallons
of fuel oil, and 10,000 cubic feet of fuel gas. The most modern
German process uses a catalyst in the hydrogenation and has a
much higher yield of motor fuel and correspondingly lower yield
of heavy oils.

3. There are certain features of any synthetic fuel oil
plant that can be recognized on aerial photographs. The plant
resembles an oil refinery with an overabundance of buildings.
Look for these:

a. Extensive stock piles of coal and possibly a coal
mine close by.
“be Plentiful supply of water.
¢. A hydrogen producing plant. If electricity is avail-
able in quantity, this will be used to electrolyze
water. Then, a battery of electrolytic cells, usually
in a small cubie building, will be found connected
by large pipes to a wet-type gasometer., If electricity
is not available, the hydrogen may be produced by the
water-gas method and stored in a wet-type gasometer.
d. A hydrogenating plant which will consist of a com-
pressor, often housed in the boiler house, and the
converters, tall slender cylindrical structures
flanking a larger cylindrical pre-heater, all con-
nected by pipes with the gasometer through the come
pressor building. The hydrogenation units are usually
separated from the rest of the plant by a tall brick
fire-wall,
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e. A coal-grinding and paste-making plant usually con-
nected with the stock pile by means of a conveyor
system and with the hydrogenation plant by huge pipes
leading through a pumping station. Tanks for the
heavy oil used will be found near this installation
and connected with it.

f. A battery of oil refinery stills and a tank farm,

4, A preliminary report on a synthetic oil plant should state:

a. Location and overall dimensions in yards.
b. Transportation facilities.

¢. Size of the tank farm.

d. Defenses.

1.
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SYNTHETIC RUBBER

1. Synthetic rubber plants, like synthetic oil plants, are
large and complex. The two easily may be confused by the photo
interpreter not specializing in industrial installations. The
most noticeable difference between the two is the lack of a large
tank farm in a synthetic rubber plant,

2. There are three principal starting points for the
synthesis of rubber-like compounds (lastics). These are acetylene,
tutadiene and aleohol. Of these, only acetylene is of importance
in Germany. The raw materials for producing acetylene are cokse,
limestone and water, The acetylene is put through a series of
complex chemical changes to form a variety of compounds which are
ultimately combined to make any of a half-dozen or so lastics,

The process entails five distinct stages: preparation of coke,
preparation of acetylene, synthesis of lastic producing chemicals,
synthesis of the lastic, curing and finishing the lastiec,

3. The coke is produced in orthodox fashion and the coking
plant contains the usual chemical works and gasometers. The coke
i1s then mixed with limestone or lime and subjected tovwery high
temperature in an electric furnace to form calcium carbide. This
carbide furnace may be recognized by the power line leading to it
and its tall slender fume stacks. A gasometer may be connected
with the carbide plant, The acetylene gas is then formed by
reacting the carbide with cold water. This reaction generates
considerable heat which must be controlled so the acetylene
building will be situated near one or more characteristic cooling
towers, Acetylene is rarely stored; it is too dangerous a gas to
have around in any quantity. The gas is piped to a series of tall
towers where it is purified - freed of dust and water vapor. From
the purifying tower the gas is led to another series of towers where
it 1s synthesized under high pressure into the lastic-forming
chemicals, Some of these substances may be stored in small tanks.
The lastic-formers are combined to make a latex or "rubber milk"
which is coagulated by means of acid to form the crude lastic.
This operation takes place in a building with no aerial character-
istics, The lastic is washed, sheeted and dried in large low
buildings. The drying plant usually can be recognized by its size
and adjacent boiler house., Frequently, the fuel used is gases
from the coking or carbide plant,

L, The preparation of a report on a synthetic rubber plant
mist be done by a technical specialist. The general photo inter-
preter should be able to recognize the plant and should report its
location, size, transportation facilities, high line, water supply
and defenses. (See par. 4, above).
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THE FIXATION OF NITROGEN*

1. Free nitrogen in the atmosphere is fixed in compound
form by either of three processes: the Arc process, which pro-
duces nitric acid directly; +the Haber process and the Cyanamide
process, which produce ammonia from which nitric acid can be made.
The Arc process requires an abundance of cheap electricity and is
of minor importance except in Norway and a few other isolated
places, By far the greatest part of the nitric acid used by the
Axis is produced by the Haber or Cyanamide processes. Plants
using either of these processes have certain characteristics by
which they may be recognized from the air. A complets study of
plants for fixing nitrogen is a task for a technical specialist,
but the general photo interpreter should be able to recognize
such an installation.

2. The Haber process involves several stages: the prepsra-
tion of pure hydrogen and nitrogen free of oxygen, the synthesis
of ammonia from these gases and the oxidation of ammonia to nitrie
acid. The hydrogen may be procured from either of two sources.
If electricity is available in large quantity the hydrogen will
be produced by electrolysis. (See par. 3, ¢, above)., Otherwise,
it will be extracted from water-gas (Bosch process) or any other

“mixed gases rich in hydrogen. The nitrogen is extracted from the
alr or producer gas by liquefaction, or it may be prepared by
burning the oxygen out of the air., The buildings in which the
gagses are extracted are large rectangular structures that are
well ventilated and connected by large pipes to nearby gasometers.,
Since the marnufacture of ammonia requires three times as much
hydrogen as nitrogen, two sizes of gasometers will be found. The:
larger will store the hydrogen.

3+« The nitrogen and hydrogen are mixed and compressed in a
building similar to that for ‘extracting the gases., Adjacent to
it or as a part of it is the couverter building where the two gases
are combined to form ammonia. This building or wing is tall
(80 to 90 feet) and narrow, housing tall cylinders tmilt to with-
stand a pressure of seven tons per square inch.

*See "Nitrogen and Associated Industries," Photo Industrial Studies
No., 1, Office of Assistant Chief of Air Staff, Intelligence,
Washington, D, C., 1943,
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44, The ammonia may be stored either compressed and
liquefied or dissolved in water. Iiquefied ammonia is stored
under pressure, usually in hopper tanks. These are squatty
cylindrical tanks with hemispheric bottoms and connected at
the top by narrow catwalks. They can be identified by their
shadows. The solution of ammonia in water is stored in con-
ventional tanks.

5, The Cyanamide process employs a totally different method
for making ammonia. Calcium carbide is formed in an electric
furnace from coke and quicklime., (See par. 3, above). The
carbide is then treated at high temperature with hot nitrogen
under pressure. This converts the carbide to calcium cyanamide.
The cyanamide is treated with superheated steam and the reaction
produces ammonia and calcium carbonate. The ammonia is stored
as in the Haber process. From this point on the processes are
alike, These are characteristic of a cyanamide plant:

a. Stock piles of coke and limestone

b. Rotary lime kiln

¢, Carbide furnsce and cyanamide ovens
- d, Large transformer yards

e, Large steam plant

f. Amonia building

6. The ammonia is led through pipes to a building where it
is oxidized to nitric acid. This building has no distinctive
- features, but it is always associated with the nitrie acid absor-
bers., These may be any of four types, each distinctive and sure
indicators of nitric acid production. ‘

a, Granite or acid-proof brick towers, usually polygonal
. in cross-section, about 25 feet in diameter and 100
feet high, connected across the top with a catwalk.
These look like a group of five or 10 huge silos.

b. Stainless steel towers of about the same dimensions
and capped with a hemispheric dome. These reflect
light almost aswell as a mirror. The cluster of
towers will be surrounded by a catwalk.

c. Horizontal Fauser absorbers, a series of large cylinders
‘arranged on an incline alongside or on the roof of the
nitric acid plant. These cylinders are about eight
feet in diameter and 40 feet long.

d. A second type of Fauser absorbers uses vertical stacks
of four to six pairs of horizontal cylinders. The
‘The individual cylinders are about two feet in diameter
and 20 feet long. ’
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7. The buildings for concentrating and storing the nitric
acid are not distinctive, The acid may be shipped in glass carboys
or special chemical tank cars, The acid may be used at the plant
where it is produced. The two principal uses are the mamufacture
of explosives and of fertilizer.

8. Plants producing synthetic fertilizer are usually easy
to recognize, Generally, they are a relatively small tall build-
. ing adjoining a lower very long structure with either a simple
ridged or arched roof, The material is mamufactured in the tall
building and stored in the long uilding,

15.
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EXPLOSIVES*

1., Plants mamufacturing explosives almost always are
isolated and some distance from any commnity of size. They
are well serviced by transportation facilities. Internal trans-
port may be entirely over a network of highways. The individval
buildings are small and dispersed, Those in which the explosives
are made, stored and packaged, are surrounded by blast walls and
may be partially buried.

2. Explosive plants should not be confused with ammmnition
dumps. The plant will have a power house and a variety of large
and small unrevetted buildings in a cluster slightly removed from
the mamufacturing area. Such an arrangement is not found at an
ammnition dump,

*See Photo Industrial Study No. 6
“"The Explosives Industry"

16.
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IRON AND STEEL*

1., Two items predicate the location of a steel mill: plentiful
labor and adequate transportation for the raw materials and finished
product, Steel mills will always be found on railways or navigable
waterways., They are very complex industrial plants covering consi-
derable area, These are the important sections in a steel mill:

a, Stock piles and handling equipment
be Blast furnaces and their adjuncts
¢, Steel furnaces

d. Rolling mills

e, Forge shops

f. Foundries

ge Stock yards

In addition, there often are,

h. Fabricating shops
i, Wire and nail mills
jo Coking plant

2. The stock piles are always close to the blast furnaces
and near the principal means of transportation. They are huge
bins in which are stored the working reserve of raw materials,
ore, coke and limestone., Railroad sidings and unloading machinery
flank them on one side gnd the blast furnaces on the other,

3. The blast furnaces are about 25 feet in diameter and from
60 to 100 feet high. Associated with each is a battery of two to
six hot stoves to heat the compressed air before it is injected
into the bottom of the furnace. Abutting the furnace is a covered
working platform alongside of which is a railway spur for the
"pig boats." Connecting the hot stoves and the furnace are huge
plpes to carry hot gases from the top of the furnace to the heaters
of the hot stoves and hot compressed air from the hot stoves to
the furnace, The hot stoves in turn receive the compressed air
(through equally huge pipes) from the blasting engines in a nearby
building. This building usually houses the steam and electric
power plants in addition to the blasting engines. The tall stacks
locate this building.

L, Only gbout 25-30 per cent of the pig iron produced in
blast furnaces is cast into "pigs." (In some plants all of the
iron is cast into pigs). Most of the pig iron is carried in foot- -
ball-shaped "pig boats" to the furnaces that convert it into steel,
The most common method used today employs the open-hearth furnace,
The other two methods employ the Bessemer converter .or an electric
furnace., Of these, the latter is met with least frequently.

*See Photo Industrial Study No. 3
"The Coke, Iron and Steel Industries"
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‘a, Open-hearth furnaces are housed in long low buildings
serviced with a railway from the blast furnaces and
equipped with a row of widely spaced slender tall
stacks, Each stack represents an open-hearth furnace.

b, Bessemer converters will be found in buildings serviced
by railway from the blast furnaces. They may draw air
from the furnace blasting engines or from a blasting
engine house of their own. The products of combustion
usually leave a teli-tale white powder on the roof of
the converter building in the area surrcunding the
vents., The finished steel is poured into ingot moulds
or ladles mounted on railway cars, The ingots are
hauled to the rolling mill, the ladles to the foundry.

5. The rolling mill is a long broad building. Most of them
can be recognized by the roof construction. In these, the mill seems
to be, and actually is, four buildings abutting each other, the
ridge line of the first and third being at right angles to the ridge
1ine of the second and fourth, the longest portion of the mill.

The first section houses the soaking pits, where the steel ingots
are heated to the proper degree of redness for rolling. From there
they are passed to the billet mill where these ge blocks of steel
are squeezed down to bars or "hillets," six or eight inches square
and cut into convenient lengths. By this time the steel has cooled
too much for further rolling and it is passed to the second trans-
verse section, which houses another set of soaking pits. From
these it is put into the rolling mill proper and squeezed into the
required shape and thickness and cut to length. At the end of the
rolling mill is a storage yard for the finished product. Here are
‘a traveling crane and a siding.

6. Adjacent to the rolling mill is the lathe shop where the
rolls for the mill are made and rebuilt. There is a yard between
the mill and the shop in which are stored the rolls not in use,

7. Forge shops and foundries are difficult to recognize unless
the scale of the photograph is large and the interpreter is familiar
with steel mills. Forge shops usually have a nearby stock pile of
steel ingots, and often show a discolored roof over the forges.
 Foundries are always connected by rail with the steel furnaces and
blast furnaces. Piles of wooden models and moulding sand are
usually found outside the building. However, wooden models will
also be found outside the model shop in which they are made. The
stock yards adjacent to the buildings may give a clue to the function
" of the shop.

8. A variety of other buildings, small and large, will be found
in a steel mill, such as administration building, hospital, pumping-
stations, general shops, fabricating shops and small piece shops.

18.
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ATUMINUIM*

1. The extraction of alumimum is divided into three stages,
usually carried on at greatly distant places: mining, preparation
- of alumina (the purified oxide of alumirum), and reduction of the
metal., Bauxite mines sometimes are found in close conjunction
with the plants that convert the mineral to alumina, but more
frequently these two parts of the aluminum industry are apart.
The mines themselves are of little interest to photo interpreters
and will not be described, The alumina production plants vary con-
siderably, depending to some extent upon the process that is used.
However, there are a few characteristics by which they can be
recognized. The electrolytic plants for producing aluminum are
characterized by several distinetive structures.

2. The process by which bauxite is converted to alumina
invelves four stages: grinding, digestion, precipitation and
roasting. DBecause the ore is affected by moisture it is carried
in closed hopper cars and reserves are stored in a covered
structure. From storage it is carried on a conveyor belt to the
top of the rock mill, where it is ground and pulverized. This
building can be recognized by the white powder on the roof and
surroundings. The powdered ore is conveyed to the digesters,

- a series of tanks, where it is mixed either with a solution of

- alkali or acid, depending upon the process used, The solution

is subjected to heat and pressure. This dissolves the aluminum
compounds from the ore, leaving the impurities as a reddish md.
Tanks of digesting fluids and a boiler house always accompany the
digesters. The solution of alumimum compounds and red mud are
passed through a filter plant and the red mmd discharged to form
a "red mud lake.,” This is highly characteristic of all alumina
producing plants, The filtrate is then stored in lmge round
vats called the precipitators., In them the alumimum compounds
are comverted to alumimum hydroxide which is a gelatinous mass
that slowly settles and is concentrated and washed by various means,
The aluminum hydroxide produced is about 99.5 per cent pure. It
is conveyed to rotary kilns where it is roasted to alumina., The
finished alumina is stored under cover, and shipped under cover to
the electrolytic reduction plants,

*3ee Photo Industrial Study No, 4
"The Aluminum Industry"

19.
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3. The clues characteristic of an alumina producing plant are,
a. Covered stqrage facﬂ_‘Lt:Les
b. Rotary kilns
¢, Digester, alkali or acid storage and precipitation tanks
d. Red mnd lake
e, Plentiful supply of water

4, A preliminary report on an alumina producing plant should
be based on the following check list:
A, General
1. Location, distance and direction from nearest easily
recognized settlement, overall dimensions in yards.
2., Transportation facilities

B, Buildings
Location and dimensions in feet for each of the following
when recognizable:
1. Bauxite storage
2. Rock mill
3. Digesters
a, Mumber of digester tanks
b. Alkali or acid storage tanks
c. Boiler house
L, Pumping station
a, Source of water
b. Distance from boiler house
5, Filter tuildings
6. Precipitator
a., MNumber of tanks
7. Kilns
a, MNumber of tall stacks
8. Alumina storage
9. Shipping docks
a, Railway
b, Waterway

5. The electrolytic reduction plants for extracting alumirmm
are highly characteristie, They consist of a series of long narrocw
buildings called pot rooms housing the electrolytic cells. Trans-
verse to these at one end is the converter building where the in-
coming electric current is adjusted to the requirements of the
process., At the other end of the pot rooms are silos for the storage
of alumina. A transformer yard and high line or generator building
is close to the converter building., Nearby is a plant for producing
the carbon anodes., A boiler house with a tall stack and a stock pile
of petroleum coke will be found at the anode plant.
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6. The power requirements for the process are enormous. It
takes 10 to 12 kilowatt-hours to produce a pound of aluminum, The
cells in the pot rooms are arranged in series of 30 to 100, each
requiring five to seven volts. The line supplying each pot room
will carry 8,000 to 30,000 amperes at a pressure of 150 to 700
volts, The carbon requirement ranges between 0,6 and 0.8 pounds
per pound of aluminum produced. The ore requirements are about
two tons per ton of aluminum, The carbon monexide produced in
the process is used as fuel in the boiler housse,

21.
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ASSEMBLY INDUSTRIES

1. There is no really simple gnd satisfactory method of
classifying assembly industries for the photo interpreter. The
usual economic classification by products is impossible, since the
product of a plant can rarely be recognized from aerial photo-
graphs, Fortunately, assembly plants for mechanized vehicles,
aircraft and aircraft engines, shipbuilding and ammunition are
of prime interest and usually can be recognized. Other types
rarely can be located without precise ground information,

2. Sometimes, indnstries are spoken of as "heavy" or "light!
Such terms are vague and loosely applied. In general, industries
requiring heavy handling equipment and mamfacturing productz too
heavy to be built at anything but ground level are called "heavy
industries." Assembly plants producing light products are called
"light industries." These terms, however, include more than
assembly industries; for instance, the manufacture of steel is a
heavy industry and cotton spinning is a light industry. In the
assembly industries a single installation may combine both "heavy"
and "1light" industry in a single plant.

3, Since the great majority of aerial reconnaissance photo-
graphs show only the vertical aspect of an installation, any clues
to an industrial plant that can be gained from the roofs are important.
Certain forms of roofs and structures on roofs are directly related
to the machinery housed or the product being made., For instance,

a building housing a huge traveling crane must have a roof free of

interior supports that would hinder the travel of the crane. These
are the principal types of roof structures that a photo interpreter
should be able to recognize,

a, Monitor and ridge: a ridged roof with a central
portion parallel to the ridge that is raised some
distance above the roof proper for ventilation.

This type of roof frequently covers furnaces, foundries
and forges, and heavy handling equipment,

b, Gambrel: a ridged roof in which the sloping sides are
broken by secondary ridges parallel to the central
ridge. This type of roof is very common over stored
materials and may be found over any type of assembly
line,

¢. Arched: This is self-explanatory. Such roofs can be
erected with great lengths of free span. Such roofs
are often found housing storage space and aircraft
assembly.

d. Saw tooth: a type of "flat" roof made up of regularly
spaced transverse sections, one edge of which is
raised well above the "roof level." The raised edges
usually face north and are glazed, admitting light.
This type of roof is very common over light machine
shops and light assembly plants,

e, lLean-to: a flat roof raised higher along one side than
the other, Found over light assembly plants,
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f.

Flat: This is self-explanatory and is the most common
roof met with in industrial areas,

L, Some of the important structures that may be found on roofs
that may assist the photo interpreter in determining the function
of the building are,

Ao
b.

Ce

de

f.

Sky lights: over light assembly and machine shops.
Fume vents: clue to a process producing toxic gases
or considerable heat, such as paint shops, electro-
plating, chemical manufacture, etc,

Dust collectors: clue to processes involving wood-
working or grinding of metals, etc,

Condenser pipes or cooling pipes: chemical plants
or ice-making plants.

Elevator shaft heads: light assembly.

Tanks: May indicate insufficient local water pressure
or the tanks may contain solvents or soliitions used
in the process carried on in the building,.

SPECIAL ASSEMBLY PLANTS

l. Assembly plants for mechanized vehlicles may be recognized
by the vehicles in the storage yard awaiting delivery. Sometimes,
the vehicles are moved from the immediate vicinity of the assembly
plant and concentrated in yards close by major transportation
facilities like wharves or freight yards, This must be bornme in
mind when designating the assembly plant producing the vehicles,
If, in peacetime, the plant produced automotive vehicles, there
may be a testing ground nearby. This will be in the form of a
test track and may contain a variety of obstacles such as steep
hills and mud holes. The plant will have adequate railway or
waterway transportation facilities for incoming material, It
will be situated with easy access to an adequate supply of labor,

2. Alrcraft factories are always adjacent to an airdrome.
One or more of the buildings will have a sufficient span to allow
the assembly of the completed craft. Assembly plants will show
mich more storage space, more sub-assembly shops, and will cover
muich more ground than repair depots. There is usually a consider-
able storage area devoted to engine cases at an assembly plant,
Transportation facilities for bringing supplies must be adequate
to the size of the plant., Plenty of labor must be available,

- 3. Aircraft engine factories may be identified by the presence
of Yented testlilock buildings close to the assembly shops. These
vents usually appear as short rectangular chimneys with unusually
large cross-sections. A characteristic German test-block building
contains four blocks and vents.
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L, Shipyards are readily recognized by the slipways.

'5, Shell loading plants are usually associated with explosives
plants. Buildings in which explosives are handled are usually
widely spaced, and either partially buried or surrounded by earth
and concrete revetments, Shell loading buildings are usually
larger than the buildings in which the powder is manufactured or
stored and in which the finished shells are stored prior to ship-
ping. Dispersed, revetted buildings are the clue to a plant
handling explosives,

2k,
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IUMBER AND PUIP

1. The great commercial lumber producing nations are the
Scandinavian nations, the United States, Russia and Canada., The
interest of the photo interpreter in this industry centers on
lumber mills, pulp mills and lumber yards. Under certain con-
ditions the Corps of Engineers will be interested in standing
timber of useful size,

2. Iumber mills are of two types: temporary and permanent,
Temporary mills are small and portable or semi-portable. They
will be found in clearings scattered through the forest. The
buildings are temporary frame structures. The power usually is
supplied by a small boiler house which can be recognized by its
tall stack, The fuel used is wood scrap and sawdust., More rarely,
these temporary mills are powered by electricity, either generated
at the spot or brought in on a pole line,

3. Permanent lumber mills usually are situated on a waterway
on which the logs are floated to the mill, The logs may arrive as
huge chained rafts under tow or they may be brought down rivers
by Tlood water and caught at the mill by a boom of logs and chains
stretched across the river. A conveyor system carries the logs
from the water to the saw mill, The sawdust is taken from the saw
mill by an endless belt or a blower system., It may be delivered
to a waste pile or in many plants to a cooking building, In the
cooker, substances such as resins, creosote, acetic acid and crude
pyroligneous acid may be produced for the chemical industry. The
waste from the cooker may be used as fuel in the power plant and
cooker or it may be converted into a coarse pulp for wall board, ete,

4, The saw mill proper may be mcognized by its position in
the entire scheme of the plant., It is the point where the logs are
converted to lumber., Associated or combined with the saw mill
are the engine house and power house. The latter may be recognized
by its characteristic tall stack if steam is the source of power,
If the mill is on a river or near a dam, the power may be supplied
by a small hydro-electric plant. The cut lumber is carried from
the mill to a large outdoor drying yard on narrow gauge cars.

Some of the Ilumber may be taken to a kiln yard where it is forcibly
dried by hot air as the car loads are mulled slowly through a
heated tunnel. In addition to the narrow gauge system within

the lumber mill there will be a standard gauge line servicing

the yard, If the yard is on navigable waters there will be wharfage
and heavy handling equipment for loading vessels,

25,
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5. In cities and towns, lumber and building supply yards
can be recognized by the outdoor stock piles of rough lumber.
Finished and first grade lumber in these yards is stored under
sheds, Woodworking shops can be recognized by similar lumber
storage yards. They differ from lumber yards in one detail. The
buildings are equipped with dust traps and blower-~conveyor systems
that deliver the waste to piles some distance from the buildings.
The large pipes that constitute this system emerge from the walls
and roof, They are the clue to sesek,

6. Pulp mills, like permanent lumber mills, are situated
in places with easy access to logs. The buildings of the mill
are relatively large. The logs move from storage into a chipping
house, where huge rotary blades reduce the logs te a pile of wood
chips. The chips are carried by a conveyor system to the digester
tanks, where they are disintegrated. The mass from the digesters
is transferred to the beaters where the individual wood fibers are
gseparated and wood pulp is produced. The pulp may be made into
paper. It may be drained and dried and shipped to distant plants,
where it is converted to gun cotton, celluloid, rayon or similar
products, :

7. Pulp mills may be recognized by the presence of a great
reserve of logs, either floating in booms or in stock piles; the
large processing buildings; and large steam plant. They lack the
drying yards, ete., of a lumber mill, the only other installation
using logs in great quantity.
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CEMENT AND LIME PLANTS

1. Cement making is a relatively simple process. The raw
materials are ground to a fine powder in rock mills. These powdered
substances are mixed in the proper proportion and water is added to
make a thin, soupy paste. This paste is called slurry. It is aged
in the slurry tanks, large cylindrical vats with agitator heads
that constantly stir the mass, The properly aged slurry is intro-
duced into the upper end of the sloping rotary kilns, As it moves
through the kilns, the water is driven off and the resultant mixture
is roasted, The roasted material, discharged at the lower end of
the kilns, is called "cinder." This may be stored or immediately
ground to a fine powder. This fine powder is commercial cement.

It is stored in weather-proof bins called silos.

2. Cement plants may bBe recognized by several characteristics,

a, Proximity to the quarry

b, Ilight railway comnecting quarry and plant

c. light-colored roofs and surrocundings due to rock and
cement powder.

d., Cirecular slurry tanks with agitator heads, centrally
located in the flow plan,

e, HRotary kilns with a tall stack emitting white smoke.

f., Storage silos and packaging building.

ge Transportation facilities - sidings, canals, etc.,
highways.,

3. Lime plants may be confused with cement plants, There are
two noticeable differences. ILime plants are less complex, consisting
of a rock mill, kilns and storage and packaging buildings., Lime
plants lack slurry tanks, Otherwise, they look like cement plants,

CERAMIC PLANTS

1. Brick and tile plants are always situated close to an
adequate supply of clay. They may be recognized by the following
characteristics,

a. Clay pit

bs Curing bed - an area where the clay is worked and kept
wet, appearing as a large muddy puddle.

¢. Brickyard - a group of sheds, often dilapidated,
usually connected with the curing bed by means of a
light railway, where the bricks are formed and dried.,

d. Rectangular kilns for "burning” the brick.

e. Transportation facilities,

f. Conspicuous storage yards with the products in open piles.
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SHIPBUILDING YARDS*

1. Shipbuilding yards are recognized by the slipways. It
is rare to find a single slipway. They are usually built in groups
of at least three, and may rumber over 10 in a series. Sometimes,
the individual ways are flanked by strong steel frames. Traveling
cranes run along the top of the framework., These handle the pieces
of steel being assembled into the vessel. The great majority of
slipways are so placed that the completed vessel can be slid stern
first into the water., Some, used for smaller vessels, launch the
ship broadside into the water, The dimensions of thearea within
a single set of frames limit the size of the vessel that may be
constructed in the slipway. Sometimes, two small wssels are
built in a single slipway. When this is done, the one nearest
the water is started and launched first, An sxperienced interpreter
can estimate with considerable accuracy how nearly complete is a
vessel in a slipway. If comparative photographs are available, he
can estimate the launching date., A good interpreter should be able
to recognize the type of vessel under construction once the deck
line has been reached. '

2. Slipways for submarines deserve special study by photo
interpreters. These may be especially designed narrow and relatively
low framed structures or may be "standard" slipways. The former are
easily recognized by their size., The latter require a little study.
Regular surface vessel slipways are converted for submarine building
by putting in two parallel keelways, one on each side of the regular
keelway, so the submarines can be built abreast. As many as six
may be under construction in a single slipway.

3., Information regarding submarine construction and launchings
is particularly important intelligence. Many devices are used to
prevent the photo interpreter from getting a clear view of what is
going on in a yard building them. The most common device is to
cover the slipways with netting., This is effective to a certain
extent, but a stereoscopic study of good photographs usually will
reveal the outline of the wssels under construction. The enemy
has realized this. In some yards, submarines are built inside
huge boxes called "cocoons." These have hatchways at the top through
which the parts are lowered by cranes. Usually, it is possible to
determine the mumber of "cocoons" and how many housed vessels are
under construction by carefully locating open hatches and active
cranes., The interpreter cannot actually see the progress being
made on each vessel and so can only report the rumber of active
"ecocoons,” This is best done by mmbering each cocoon and reporting
signs of activity from each strip of photographs available., Since

*See Photo Industrial Study No. 7
"The Shipbuilding Industry"
28,
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most yards building submarines are covered photographically at
least once a week, and often daily, the photo interpreter soon
has a clear picture of activity at the yard. Some submarines are
built in completely roofed slipways. Then, the photo interpreter
is stymied,

L, Adjacent to every set of slipways are building and storage
space for the material needed in shipbuilding. The mold loft and
forming shops lie close to the slipways and are the building in
which the steel plates and girders are laid out, cut and formed to
pattern. Traveling cranes from the slipways pick up the produce
of the shops and move it into position on the building vessel,
Beyond the mold loft is the plate yard where the steel recelved
from the rolling mills is stored until needed. Traveling cranes
are found over the plate yard for carrying the pieces to the mold
loft. Nearby are the bulldings and shops that fabricate the
engines and other machinery and fittings used in the ship. The
shops always have some visible source of power, either a transformer
yard or the tall stack of the boiler building.

5. The vessels are launched with little of the superstructure
and interior finished., This is done to clear the limited slipway
area as soon as the mlls are seaworthy. The unfinished vessels
are placed in a fitting-out basin or dock. On the wharf adjacent
to these are cranes and shops. These areas can be differentiated
from cargo handling space by the variety of cranes, usually at least
one huge hammerhead being present, and the variety of buildings.

The clue to vessels that are just about ready to go tosea from
fitting-out basins is the small white wake aft of them., This is
caused by slowly turning over the engines to break in the bearings.

6. Submarines are finished in fitting-cut docks just as any
other vessel., These docks are often covered with a shed-like roof
projecting out from the wharf, These are called screened-berths.,
Sometimes, the submarine is "blended" with the wharf with netting.
Special fitting-ocut basins have been built near some of the princi-
pal yards producing submarines., These differ in no way from the
submarine pens described in paragraph 5, and should be reported as
such,

29.
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SHIP REPAIR FACILITIES

1. Ship repair calls for two kinds of docking facilities.
If the damage in no way affects the seaworthiness of the hull
and the propelling and steering mechanism, the vessel can be
"wet docked" and repaired at a fitting-out basin. If the damage
does affect any of these, then the vessel must be "dry docked.”
Undamaged ships must be dry docked periodically to have their
bottoms scraped and painted.

2. There are three types of dry docks. These are marine
railways, graving docks and floating docks. Marine railways are
used principally for small vessels, However, there are a few
extant that can handle a ship up to about 10,000 tons, gross weight.
This type of dock consists of an inclined railway extending from
a point well above tide line to a sufficient distance into the
‘water., On the rails is a cradle. The operation is simple. The
cradle is run out to deep water and the vessel floated over it on
a high tide. As the tide recedes, the vessel is berthed in the
cradle and made fast. Then, powerful engines draw the cradle and
its burden up onto the shore. When repairs have béen accomplished,
the reverse procedure is used, Cradles and hauling engines dif-
ferentiate marine railways from open slipways, which they resemble,

3. Graving docks are excavated basins that have been lined
throughout with masonry or concrete and are closed by a lock.
Graving docks sufficiently large to handle mammoth passenger
ships, battleships and aircraft carriers are not common. To use
one, the basin is flooded and the lock opened. Then, the vessel
is maneuvered into the basin and the lock closed. As soon as this
is done, huge pumps empty the basin and leave the vessel in "dry
dock," Graving docks vary little in construction. The locking
may be done by a floating gate that is moved out of and into position
by a tug, a swinging gate or gates, or by sliding gates that draw
back into recesses. Around a graving dock are the pump house,
various cranes and shops. Vessels in graving docks are often shrouded
in nets to make identification difficult.

L, A floating dock is a vessel for bodily lifting a ship
from the water to expose its hull for repair or cleaning. On
aerial photographs these contrivances appear like huge two-sided
troughs. On the walls are small traveling cranes and in them
pumping machinery controls the buoyancy. The bottom and the walls
are chambers that may be flooded to reduce buoyancy, so all but
the uppermost parts of the walls are submerged. In this condition
the ship to be lifted is maneuvered into the dock and the water
is forced from the dock's flooded chambers. As these chambers are
emptied, the entire structure becomes so buoyant that it lifts the
ship docked in it clear of the water. When the work on the ship
is finished, the procedure is reversed,
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Very large vessels may be lifted by a pair of docks that are
coupled together, end to end. Floating docks are rarely moved -
from place to place,

5. Submarine pens are a ®@velopment of this war. They are
huge rectangular concrete structures with roofs over 11 feet thick,
They contain servicing and repair facilities for submarines, They
either front on deep water or are connected with it by a guarded
and roofed channel, Very little is known about the interior of
these buildings., -lMost of what is known has come from the study
of aerial photographs taken during the building of these structures
and from agents in towns where they are located. The interior of
the pen is divided into a number of docks separated by runways
wide enough to handle small cranes and servicing trucks., Some of
the docks are graving docks for repair work, while others are wet
docks for fitting-out and servicing. The long time necessary to
bulld one of these pens allows the photo interpreter ample oppor-
tunity to study its construction and estimate its capacity.

Near the pen proper are found shops, power supply and transportation
- facilities, The shops and power supply are of massive construction
for protection against bombing., Submarine pens are practically
bomb-proof,

6. Structures similar to submarine pens but smaller are used
by the Germans for E~ and R-boats.

31.
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TRANSPORTATION
HARBORS

1le There are relatively few large, safe, natural harbors,
Many of the important harbors in the world have been made so by
the works of man. A good harbor must have deep water. It must
have adequate protection from storms for the vessels at anchor,
It mst have sufficient area to accommodate safely many and
large vessels. It must have a shore line that 1s capable of being
developed as a port and for industry. Some harbors are situated
on the sea, others on estuaries, a few well inland on rivers.
Harbors may be recognized by an abundance of water-borne traffic
and. adequate port facilities ashore.

2, Not all places where ships stop to discharge their cargo
have harbors. This term is applied only when the anchorage and
shore are protected from the sea and storms by natural or man-made
barriers. When such protection is not present, the area occupied
by the vessels transacting business is called an open anchorage or
roadstead,

3. Breakwaters are built to protect an open anchorage and
corvert it into a harbor, Breakwaters are massive stone or
masonry structures to the seaward, On them are found lighthouses
and range lights. Those that connect with the land are called
jetties. Jetties broad enocugh to bear a roadway are called moles,
Sometimes, the harbor side of a breakwater is built so vessels
may lie alongside. Structures built along the coastline to prevent
the sea from eroding the land are not breakwaters., They are sea
walls,

L, Within the harbor there are few permanent structures.
Lights mark dangerous shoals or anchorage areas, Large can-buoys
are located in the anchorage so vessels may come to rest without
dropping anchor by tying up. Bunches of piles are driven into the
harbor bottom for the same purpose. These are called dolphins.
They occur singly or in rows, Various types of buoys are used as
navigational aids. Sometimes, the seale of a photograph is
sufficiently large so these may be seen.
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PORTS

). Ports are settlements with installations for handling
water-borne traffic, Ports may accommodate sea-borne, river or
canal shipping. The principal port facilities are: cargo handling
space, storage space, vessel servicing facilities, and transhipment
facilities. The latter consist primarily of railway faeilities,

2. The shore of a port contains a variety of structures.
The harbor may be connected with canals or basins by means of
locks, Piers project into the harbor. They are supported on
piling driven into the harbor bottom. On them may be built
warehouses or other necessary structures., DMoles are similar but
are solid construction of stone or cement and earth, They may be
narrow or several hundred feet wide, Similar structures to piers
and moles built parallel with the shore and united with it along
one side are called wharves or quays.

3. The term "dock" is correctly applied only to the water
adjacent to a mole or a pier. Slip and berth are synonyms of dock.
Dock is used when the water area is narrow. Basin is used when
the water area is broad. Haven and the German term "hafen" are
synonymous with basin, Berthing space is anywhere that a vessel
may be made fast,

L, Cargo berthing space is recognized by the presence of
heavy handling equipment at the water side. In very small ports
there may be no such equipment. In its stead the ships' derricks
are used at these places, There may be warehouses adjacent or
nearby. :

5. The handling equipment is various types of hoists. The
structure of these can bes studied in their shadows,

a, Gantry cranes are traveling cranes on rails and consist
of a hoist on a heavy cross girder supported at two
points. One of these supports may be a track on the
side of a warehouse,

b, Hammerhead cranes are supported at one point, about
which the head can turn. The hoisting end is bal-
anced by a cab or counterweight. The entire machine
may be mounted on rails so it may be moved along the
waterside,

c¢. Derricks have booms set at an angle to the perpendi-
cular. These booms may be a single spar or a
strongly trussed structure. The boom may be
supported by a tripod or be free. The angle of the
boom usually can be adjusted. The boom rotates on
the base,

d. A sheer-legs is a fixed hoisting device with a leaning
triped holding the upper blocks.
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6. Special types of handling equipment are found at berthing
space for vessels carrying bulk cargoes. O0il is discharged and
taken aboard through pipe lines. These terminate on the water side
at pipe heads which are then connected with the tanks of the vessel
by flexible hose. Sometimes, an oil pier juts far into the harbor
over shoal water and is hardly more than a trestle supported on
piling carrying the pipe line and a cat walk. If the berth is
used for taking on fuel oil for the use of the vessel, it is called
an oil bunkering pier, mole or wharf, Oil storage tanks are always
near to a berth handling oil,

7. Coal and ore are usually unloaded by means of grab-
bucket hoists. These are either Gantry or hammerhead design.
In other instances, the unloading is done by endless belts of
buckets that dip into the vessel's hold, Loading berths for
these cormodities may make use of discharge chutes from elevated
bins. In the Orient, mich of the loading of this class of material
is done by hand using an endless stream of basket carriers. Berths
handling vessels for this kind of material will always be adjacent
to muge stock piles or storage bins. They are usually against
wharves, sometimes, moles., Installations at which vessels receive
coal for their own use are called coal bunkering piers, moles or
wharves,

8. Vessels carrying loose cargoes of grain are usually
discharged directly into grain elevators. This is done through
large suction tubes. Grain is loaded into these vessels by chutes
from the elevator, Grain elevators differ from ordinary storage
bins. They are roofed. They may be rectangular or circular in
plan view., They usually are taller than either horizontal dimension.
Sometimes, grains are handled in sacks. For this, the handling
equipment and storage space will be like that for general cargo,

9., The long shed-like buildings found on wharves, piers and
moles are called warehouses. They always have easy access to some
gort of transportation facility. They may flank railway sidings
or may straddle a siding.

10. Small repair and servicing yards for navigational aids
are found in every port. These are usually small basins, They
can be recognized by the piles of reserve buoys in a yard adjacent
to the dock, Pilss of spar buoys have been mistaken for gun
barrels!
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HARBOR CRAFT

1. There are a mltitude of harbor craft ranging from dories
to huge floating docks. FExcept under special conditions, only a
few of these are of interest to photo interpreters. These are
ferries, tugs, lighters and barges, dredges, floating warehouses,
floating cranes, and light ships.

2. Ferries are found in most busy harbors. They may be used
solely for passengers or may carry vehicular or railway traffic.
Ferry slips may be recognized by their structure and location.
The slip itself is usually somewhat "U"-shaped. The arms of the
"U" generally are made of piling and at the base is the bridge
and ferry house. The bridge is hinged to the ferry house and
the free end is lowered to the deck of the ferry. A Gantry-like
hoist handles the position of the bridge. The approach and entry
into the ferry house indicates the type of traffic carried by the

~ ferry--railway tracks lead through the ferry house or directly
onto the bridge for a train ferry, a highway for a vehicular
ferry.

3. The ferries themselves vary. Passenger ferries often
are launches. Vehicular ferries usually are broad-beamed and are
frequently built with no definite bow and stern, the ends of the
vessel being identical. The vehicles are parked in a tunnel passing
lengthwise through the vessel., If the stack is amidship, the
tunnel is divided by an island., If the stack is at one side,
there is probably no island in the tunnel, Train ferries built
along the same lines as vehicular ferries but longer are used
for short hauls in relatively quiet water. Vehicular and train
ferries that must be prepared for rough water and long hauls are
built more like a conventional ship. On these, there is a normal
bow and stern structure, The loading is done at the stern and the
cargo stored in a tunnel running the length of the vessel. Ferries
may be paddle- or screw-propelled.

4, Tugs are small dumpy vessels used to tow craft or to
maneuver large vessels in small areas. A tug is nothing more
than a floating power supply. Harbor tugs are squat and have
little freeboard; ocean-going tugs are larger and have adequate
protection against heavy seas. The gurnwhale of a tug is protected
by heavy mats and buffers. These can be seen on photographs of
large enough scale, The Germans have been arming many of their
tugs with a bow gun., Many tugs mount a fire hose nozzle on the
roof of the pilot house. Care must be taken not to mistake this
for a gun., Tugs mounting several fire hose nozzles are called
fire boats,

35.
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5, Lighter is the term applied to any boat used to transfer
cargo or other material from one part of the harbor to another.
They may take any form and are frequently characteristic of the
region where they are found. Barges and scows are special kinds
of lighters,

a, Barges carry their cargo in a hold and usually are
towed, but may be self-propelled. DMost barges are
bluntly tapered, or rounded, for and aft. Many
barges are employed in canal transport. In most
Buropean harbors, these are found in speeial barge
basins,

b, Scows are broad rectangular boats, fully decked over
and carry their cargo piled on this deck. In some
theaters, these are referred to as "flats," Scows
are always towed.

6. A harbor situated at the mouth or a river requires contimal
dredging to prevent the ship channels from being clogged with silt,
In some places, harbors have been enlarged by dredging. Therse are
three general types of dredge. The most simple and least important
is a grab-bucket derrick mounted on a scow. The other two are
much more complicated, They are large scow-like craft with con-
siderable superstructure, including a hoist, dredging gear,
boiler and engine house. In general, they are self-propelled.

One type uses a long dipper arm that carries an endless belt of
buckets to the bottom of the harbor. The muck excavated by this
machine is usually dumped into a hopper barge. The other type

is a suction dredge, A hoist lowers a large pipe to the bottom
and powerful pumps suck up mud and water, A discharge pipe from
the pumps leads the mixture to either hopper barges or to the land
where the water runs off and leaves the muck. The discharge pipe
may be carried on pontons some distance to the shore.

7. The hopper barges used in dredging operations are so
built that the bottom can be opened and the load dropped. These
barges are either towed or self-propelled. They carry the dredgings
to some place where it will not affect commerce., Hopper barges may
be recognized by the compartmented hold and an arched catwalk
running the length of the barge along the midline.

8+ There are several types of floating cranes. The most
simple are scows with a simple derrick or sheer-legs mounted at
one end and a hoisting engine at the other. More elaborate types
mount a hammerhead crane or a trussed-boom derrick and a hoisting
engine. Floating cranes are towed, '

9. 0l1d hulks, ships stripped of their inner fittings, may
be used as floating warehouses for explosives or noxiocus sub-
stances, Some are used as floating factories, Floating grain
elevators are scow-like boats with a tall boiler-~like structure
built upon them, Suction pipes that can be lowered into a ship's
hold lead to this structure., These are seen in many German
harbors and are used for transhipping grain. Sometimes, fuel
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barges that are anchored offshore.

10. Light ships sometimes are found anchored just outside
of harbors. These are small staunch ships with short masts support-
ing a navigational beacon light. They are self-propelled.

WATERWAYS

1., Inland waterways are of three types - lakes, rivers and
canals, There are relatively few lakes that constitute major
waterways., There are no others that compare with the Great Lakes
system of the United States and Canada. Large lakes upon which
industrial cities are situated will depend to some extent upon
these waters for interurban commerce., The facilities found will
be like those of river ports,

2, Throughout the world, rivers are primary commercial routes.
In some regions they are the only means for transportation., In
each area special vessels have been developed to carry produce on
these streams. The vessels may be grouped as steamers, ferries or
barges.

3. The lower portion of some rivers is a long arm of the sea.
This is called an estuary. Many ports are found well inland on
estuaries, Some are found beyond tide-water in the river proper.
When conditions allow, these ports handle ocean-going traffic.
The vessels found in them will be a mixture of maritime and river
types .

4, River steamers may be conventional screw-driven ships or
may be propelled by stern or side paddle wheels, The screw-
propelled vessels are found in deep rivers and estuaries, Paddle-
wheelers are almost universal in shallow streams, Satisfactory
paddle-wheel vessels can be built with very shallow draft - two
or three feet - while a satisfactory screw-propelled vessel
requires all of twice that draft. Paddle-wheelers are less
liable to damage from snags and bars. ’

5. River steamers should be reported by their dimensions
and type of propulsion., The extreme bow-stern dimension is called
the overall length and the extreme breadth is called the beam,
Paddle-wheel steamers may be recognizable by the paddle-wheel
boxes or the open paddle-wheels. In cases of doubt, the wake of
the vessel will identify the means of propulsion., Side-wheelers
show narrow white wakes of churned water extending aft on each
side from the paddle wheels, usually situated about amidships,
Stern-wheelers show a broad uniform white wake extending across
the entire stern. Screw-propelled vessels have a white "V" —shaped
wake spreading aft from the vessel,
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6. The usual type of river ferry has no true bow or stern,
but can operate with either end forward. They may bescrew- or
paddle-propelled, The "cargo tunnel" extends through the super-
structure from end to end, The ferry slips on the shore are
built "U" -shaped, so vehicles can be discharged from the moored
end of the vessel., Train ferries may be built similarly. The
slips for these can be recognized by the railway tracks leading
directly to the loading bridge. Occasionally, sea-going ferries
may be found in ports some distance upstream, These vessels have
a eonventional bow and stern, Loading is performed at the stern
where the superstructure is tunneled to admit the trains of cars,

7. Barges vary greatly. They may be open or closed. They
may be rectangular scows or have bluntly formed bow and stern,
They may be towed or self-propelled. They vary as much in size
as they do in shape. In a detailed report they should be recorded
by dimensions and means of propulsion. It is important to keep
track of barge movements., In many areas, this is just as important
as railway car movement.

8., Canals are artificial waterways constructed to afford
inexpensive transportation or to irrigate or drain land. In low,
well-watered, industrial areas, canals are very important and
hardle most of the heavy materials in shipment. Germany and
the Lowlands have thousands of miles of such canals. These arti-
ficlal waterways are easily distinguished from natural waterways
by their straight lines and built-up sides, Often, they are
flanked by tow paths on either or both banks.

9, Where canals join natural waterways, it may be necessary
to install locks. These are chambers with watertight gates into
which the barges can be floated. When this has been done, the
gate is closed and the water level adjusted by pumping in water
or draining it out to the level of the water in the next section,
The second gate is then opened and the barge moves out into water
higher or lower in level than that from which it originally cams,
A geries of locks may carry the canal over a hill a hundred or more
feet high., The location of canal locks should be noted. They and
the -adjacent pumping station and other machinery are excellent
targets for low-level attack.

38.
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10, Along canals are basins where barges are loaded, unloaded
and stored., Associated with these basins are warehouses and handling
equipment, Inland industrial cities served by canals have many such
basins, some large and some small,

11. Occasionally, canals are carried over narrow valleys on
an aqueduct., More rarely, one canal may overpass another. Such

points are extremely wvulnerable and their location is important
military information,

39
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RATTWAYS

1. Railways are the most important means of inland trans-
portation, The study of railway installations can be divided
into two convenient parts - fixed installations and rolllng
stock,

A, FIXED INSTALLATICNS

1, The British term "marshalling yard" has been applied
incorrectly to any railway yard. A marshalling yard is a classi-
fication yard., These installations are used for sorting out and
re-routing freight cars. The standard classifiecation yard is
composed of two sections, receiving and dispatching, connected
by a "tump? The receiving section is a multiple track yard. These
tracks converge upon the "hump," a low hill with a single track
leading to the dispatching section. Each train in the receiving
section is pushed slowly onto the "hump." At thesummit of the
"hump" the individual cars are cut loose and are allowed to drift
by gravity into the dispatching section. Here, each track receives
the ears to make up a particular train. Large classification yards
may have two complete installations, "north bound and south bound,"
or "east bound and west bound." The entrance to the receiving
section and the exit from the dispatching section are called the
switching points.

2, Dock Transhipment Yards are found in port cities. These
are similar to classification yards in function. They are used
to sort the incoming cars and to gather together those carrying
materiel to be shipped by a single vessel or steamship line,
Similarly, outgoing trains are made up of cars from the various
.docks,

3. Servicing yards are important to the maintenance of the
rolling stock. They are found in or very near all terminal cities
_and at division points ‘along the route of the railway.

a. 'The characteristic structure found in such yards is
the roundhouse, These are shops built on a circular
plan and may be a full circle or only an arc around
a turntable. The building is divided into stalls,
each accommodating a single locomotive and equipped
with a roof vent. The number of roof vents will
indicate the capacity of the roundhouse., (The
British often prefix the word, "roundhouse", with a
fraction describing the entent of the are, such as
quarter- or half-roundhouse.) Occasionally, the
"roundhouse" is not ciremlar, but rectangular.

Such are often found in France.

40,
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b, Car repair shops usually are long, low buildings
astraddle one or more tracks., Cars awaiting repair
or newly rebuilt are found just outside these buildings.

¢, In these yards are coaling stations, large elevated
bins for chuting coal into the tenders; sanding
stations, similar to coaling stations but recognizable
by the difference in color between coal and sand; and
watering stations, large elevated tanks with a movable
spout to charge the tanks of the tender. (In very
mountainous country, coaling, sanding and watering
stations may be found along the main line far from
servicing yards.)

L, Other types of yards are found in a railway system:

a, Freight or loading yards with their associated freight
stations or warehouse., In large transhipment points
special types of storage places may be associated
with freight yards, such as grain elevators, coal or
ore bins, '

b, Storage yards is the term applied to dead-end trackage
for rolling stock not in use. They may be compact
miltiple track yards in or near a city, or may be
only one or two tracks a mile or so in length par-
alleling the main line out in the country,

¢, Station yards are the trackage used for storage,
c¢leaning and making up passenger trains.

d. Large industrial plants may have railway facilities
servicing them. These tracks are called spurs when
extensive, and sidings when short. Sidings are often
parallel to buildings and discharge onto loading plat-
forms,

41,
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B. ROLLING STOCK

1. The motive power of a train is supplied by a locomotive,
These may be driven by steam, electricity, a diesel engine or a
diesel-electric unit.

a.

b.

Ce

Steam locomotives can be recognized b§ the shadows
they cast. They can be confused with no other machine,
Engines with steam up inwvariably show a plume of white
steam,

Electric locomotives are less easy to identify, but
they are always associated with a system of "bridges"
to carry the live overhead wires on a catenary

system. The shadows cast by this electrical system
are quite noticeable,

The modern trend toward streamlining is making most
locomotives resemble one another. Horever, few
streamlined locomotives or diesel driven units are

found outside of the United States,

2. There are six general types of cars found in trains. They
are best recognized by their shadows.

.

b,

0.

Passenger cars and the associated mail, express and
baggage cars, are longer than the various freight cars.
The majority of freight cars are box cars. These
rarely can be separated on an aerial photograph from
refrigerator or cattle cars., These cars are the tallest
of freight cars and thus cast the longest shadow, as
long as that of the locomotive or a passenger car,
Hopper and gondola cars are large bins on trucks.

They are used to haul bulk materials. If the material
carried is affected by moisture or dirt, the cars

are covered with hatches, Hopper cars have trap

doors on the bottom for unloading; gondola cars are
flat bottomed. These differences may be detected

if the shadow detail is particularly good. This type
of car is lower in profile than a box car and casts a
shorter shadow.

Flat cars are merely platforms on trucks used to carry .
large bulky objects either open, under canvas or in
hige cases, Flat cars cast the shortest shadows of
railway rolling stock.

Tank cars are horizontal cylindrical tanks mounted

on trucks, The tanks are surmounted with one to three
"bell hatches" that cast a characteristic shadow. The
mumber of hatches irdicates the number of compartments
into which the tank is divided.

Lz,
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The caboose is usually the last car in a freight
train, Sometimes, in very long trains, another
caboose may be found in the middle of the train.
These cars carry the crew of the train. American
cabooses have a cupola or raised cabin on the roof
for observation over the top of the train. European
cabooses differ from this design. Sometimes, they
are a small cabin on the end of a flat car, others
are in a freight car and have a railed and roofed
observation platform at one end, All of these
structures cast shadows that identify the car.

3. There are two kinds of special cars that need be recognized.

a.

b.

Wrecking cars are large cranes mounted on trucks.
They are often found in the yards at division points
or at the scene of a wreck, repair or new construction.
Artillery cars are special military vehicles. There
are three types.

(1) Railway guns are used for coastal defense or
siege. They are large caliber guns mounted on
specially constructed flat cars and are operated
from specially constructed sidings.

(2) light flak cars are made from passenger or box
cars. About one-third of the roof is removed
and a platform mounting a light anti-aircraft
gun is built in that place. '

(3) Heavy flak cars are specially constructed and
resemble railway guns. They differ in that the
piece is smaller and the gun does not need to
‘be operated from a specially constructed siding.

L, Trains of cars belong to several categories.

a.
b.
- c.

d.

=1

Passenger trains are composed wholly of passenger
cars and the auxilliaries mentioned in paragraph

2,8, '
Freight trains are composed of any kind or combination
of kinds of freight cars mentioned in paragraph 2,b,
through 2,f,

Accommodation or mixed trains are short and are
operated over secondary lines. They are composed of
a mixture of freight and passenger cars., '
Military trains resemble accormodation trains. They
are made up of mixed rolling stock. They differ
from accommodation trains in being long. Sometimes,
the cargo on the flat cars can be identified as mili-
tary equipment - guns, tanks, trucks, etc.

Hospital trains are composed of passenger cars and
box cars. According to International Law, the roofs
of these cars bear a large red cross on a squar
white field, '
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INDUSTRIAL CILUES

l. A good general interpreter will locate half of the indivi.-
dual industrial installations shown on a reconnaissance run of
photographs and be able to identify accurately 10 per cent of the
plants., Sometimes, there are structures so obvious that the product
of the plant is immediately recognized., However, in the majority
of cases this cannot be done. Many installations cannot be
recognized by specialists. It is only by combining all of the
available ground information with the evidence from aerial photo-
graphs that an adequate survey can be made of an industrial area.
Whenever possible, the flow of material through a plant should
be solved before attempting to solve the function of the plant. Pay
particular attention to pipe lines in reconstructing the flow chart.

2. These clues are given primarily for the noviece in industrial
interpretation. They areneither complete nor all-inclusive., They
do include the major features of the most important types of installa-
tions. They should Be used with caution.

3. Gasometers
: a., Coking plant
b. Industrial and domestic fuel
¢c. Water Gas plant
d., Blast furnaces
e. Nitrogen-fixation
.f. Synthetic fuel plant
Synthetic rubber plant
b, Dispersed tank farm
a. Petroleum storage
b. Petroleum refinery
c. Synthetic motor fuel plant
5. Small clusters of tanks
a, Chemical plant
b. Edible oil storage
c. -Paint and varnish plants
de Domestic fuel oil distribution
e, Naval stores
54, "Slurry" tanks
a., Cement works,
b, Bauxite refining (alumina production)
ce Sewage disposal (sub-surface tanks)
6. Tall slender cylinders
‘a., Chemical plant
b. Petroleum refinery
7. Tall stacks
a. Power plant
b. Rotary kilns
c. Coking plant
d. Metallurgical furnaces
e. Chemical plants (usually slender)

b,
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8.

9.

10.

11.

12,

13.

14,

15.

L5,

Large squat towers, usually steaming
a, Continental-type cooling towers, usually associated
with metallurgical and chemical industries and
thermal power plants.
Large Transformer Yards
a, Commercial power supply
b. Aluminum reduction
¢, ZRlectric furnaces
(1) Carbide production
(2) Crucible stesl
d, . Hydrogen plant (gasometers)
(1) Nitrogen-fixation
(2) Synthetic motor fuel
Monitor-type roof
a, Heavy industry
(1) Metal-working plants
(2) Heavy assembly plants
be Chemical industry
(1) Electrolytic cell houses
Arched roof
a, DBroad rectangular building
(1) Adrcraft assembly
b. Narrow rectangular building
(1) Storage
Saw-tooth roof
a. Machine shops
b, Industries requiring mch light and ventilation.
Ventilated roof
a. Chemical industries
b. Paints and varnishes
¢. Bessemer converters
White-dusted roofs
a, Flour mills
b, Cement plants
¢. lime plants
d. Bauxite refining plant
e, Bessemer converters (local dusting)
£, Foundries and forges (local dusting)
Stock piles of .dark material
a. Domestic coal yards
b. Railway servicing yards
¢. Coaling docks
d., Coking plant
e, HMetal smelters
f. Thermal power plamts
g. Synthetic oil and rubber plants
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16,

17.

18.

19.

20,

21,
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Installations near open pit mines or quarries.,

a, Cement or lime kilns

b. Brick works

¢, Any coal-consuming industry

Plants with complex system of overhead pipes.

a, Chemical plants

b. Petroleum plants

¢. Coking plants

Small, low, rectangular buildings with large, short,
vent chimneys.

a, PEngine test blocks
Large, low buildings with combined transverse and longi-
tedinal roof pattern.

a. DBuildings broad and pattern alternating

(1) Rolling mills

‘b, Buildings narrow, transverse section across several

longitudinal section
(1) Alumimum reduction
Heavy handling equipment
a, Heavy industry
Revetted buildings
a, Explosive plants, ammnition loading and dumps.
b. Hydrogen purification
c. Synthetic fuel plants
Large masses of logs in rivers, lakes or bays
a, Lumber mill
b. Paper pulp mill

T

N
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INDUSTRIAL CAMOUFLAGE

1. Camouflage is a method for denying information to the
enemy. This is accomplished by disguising the object with paint,
netting, garnish or any combination of these. Paint and texturing
materials are used to blend the object with the surrounding
terrain by simulating it in tone and pattern. Netting is used
to obscure the outline of the object and eliminate tell-tale
shadows . Garnish is used to simlate the texture of the environ-
ment of an object.

2. Industrial plants are so large and usually so well known
that they cannot be hidden successfully from all observation.
Stereoscopic study of aerial photographs is the most satisfactory
method for breaking through camouflage. Installations that are
hidden to visual obssrvation are révealed in this manner. The
enemy knows this as well as we do. The purpose, therefore, of
industrial camouflage is to hide an installation from vismnal
observation for sufficiently long to prevent the bombardier from
making a satisfactory run on the target. If this is accomplished,
the camoufleur has succeeded., The task of the Photo Intelligence
Officer is to circumvent this by revealing the true nature of the
camouflaged area and referring it to easily recognized land marks,

3. Paint is employed in various ways. The roofs of buildings
may be painted with a uniferm neutral color so they blend with the
general surrocundings., Roads or paths may be painted across these
roofs to heighten the effect. When this is done, these "roads"
may contimie to ground level via slopes of netting to join with
real roads and paths. In more complicated camouflage, large flat
roofs may be painted with a dappled pattern to represent vegetation
or even with outlines of small tuildings so the area appears to
be a settlement of small houses, While all of this may be deceiving
in a single photograph or to visual observation, the lack of depth
and incongruity of natural and painted shadows is at once recognizable
under the stereoscope. Shadows or their lack are often the key to
a camouflaged area.

4, 1In very elaborate camouflage small dummy buildings and
artificial trees may be erected on very large flat roofs or on
top of huge areas covered by netting. These are less easy to
recognize than simple painted jobs. However, a careful study
will usually reveal the artificiality of the installation.
Artificial trees are often recognized by comparing them with
known real trees in the area. It is not uncommon to discover that
the artificial trees are in summer foliage in autumn or winter
when the real trees are leafless!

b7, '
Approved For Release 1999/09/22 : CIA-RDP80-01333A000300170001-8



Approved For Release 1999/09/22 : CIA-RDP80-01333A000300170001-8

5. Netting is used very frequently as a drape to break up
the regular shadows cast by buildings. Nets may also be spread
over a large expanse of roof that is broken up into a character-
istic pattern. A similar use of netting is found over tank farms,
A frequent use for netting is to obliterate land marks close to an
important factory. -Many German plants are situated on waterways
and have their own barge basin or canal, These are often covered
with netting to prevent them from being used by bombardiers. They
are effective both day and night, since in addition to hiding the
waterway in daylight, they prevent reflection by the surface of
the water of starlight or moonlight at night. The most extensive
installation of this type covered the entire Binnen Alster in
Hamburg.

6. The conformation of characteristic basins may be altered
by floating rafts upon them., These rarely cover the entire basin,
usually Jjust enough to alter its shape, and particularly, its
reflection at night.

7. A method of concealment that is being used extensively is
a blanket of low hanging smoke, This is generated in varicus types
of machines, most of which, when seen on aerial photographs,
resemble oil drums. These may be placed anywhere - along roads,
on wharves, on barges or vessels - so long as the prevailing wind
drifts the smoke over the area to be hidden. A system of smoke
generators can easily blanket an entire town or harbor., It is
often possible to locate smoke generators once they have been used
by the fan-shaped smmdges left to the lee of them.
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BASIC FHOTO INTIRPRITITION VISUAL CRIZNTATION TEST
—U . y ¥ B A <3 A > & A -
. These thros nrobloms will indicate your Zavility in orlenting pround
and alr vieus of the sams objests, The ability to transpose difforar

o

angles of visw is one of the components of pholo interpretation skill.
It 43 greatly inereased by praetice om problers like these,.

The first rule 4s: Do not jump to conclusions,

Tho second is: Do not bo discouraged 1if you fail one er more. Very
fewr persons pet then all right the fivst try.

Snead does not count.
PLEASET DO NOP “TFHINK oUP LGUD® “MILE YOU ARS DOING TIISE PROBLE:E,
PROBLALA -

(1) lay an acetate shoet cver vertical ohote 2L, Using the smrease
noncil, mark where the fons corners fall and draw a eircle sround
tha Jafferspn remorial, Thon witto Jour nang on the edge of She
acotate, _ P o _

{2) Compare sreund phét@gmnh A with the vortieal to detorrdine ¢he

valdnt from vhieh the ground photograrh was taken., Tuwn the rortical
around 28 mich ag you wish, keeping the agetate in regleter Atk 2%,
"hen you think you know vhere the gzound vhoto vas taker from, mark

[ an X on the acstats aver that peAnt,

(3} Now decids how miek of the greurd phetegraph e ineluded in “he

vortleal. Draw a 1ine on the acstate whors each sedge of the pround
photo cuts across ths vertical, Thess lines will form a ¥ Lidieating

the anele of viar,
Fote: If you wiash to erase, rub tith tisave., .

(4) Uhen thie acotate is ready Lo hand 4n, put thds set of photos Sy
and take out the next seot. -

EROSLELE.  (Sama rocedurae as A)

(1) Lay a cloan acetate over vertical phobo i 34, rark the corneras,
and dravr a line through the marginal data, (“hite writine on one
adge) rite your nams,

(2) . Compare photo B with the vertical end mark X on the acstate crey the

pednt froem which you think B was token,

(3) Drar om the ascstate the two lines showing the odges of the anile
of view. 3e sure the acetate hasn®t slipped arourxi)

\ -
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o (#) 'hen finished put this acetate aside roady to hand in, and take
out Photo C and the larze '_msaic,

(1) Place acetate over renoral csnter of the larget Fosale. Trife
your name and draw 3 lines over the 3 bridges shom, with a 3ick mark
at each end to shar where the river bank cuts., :

(2) Tms time, draw the angle of the view on the acetate first, The
two lines indicating the edges of Photo C will converge on a peiift.

(3) Z’Za'rl:: X at the aﬁe:’: of the angle of wier; this is the spot from
which the photo was taken, : '

. PLTASE DO NOT DISCUSS SROBLEIS "HILI _GTII‘.ERS ART TTCREING
Ansirers will be given when acetates ars in,
Did you write your nams on all acstates?
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What is the hidden message?

Pl

368
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BASIC PHOTO INIIRFRATATION UUST FORE STIREO TISION

| U

These problems will indicate ymr sacs or (10ficuliy in seolng i
Three=-D, voryons wtho has rezsyonably adec iats vision 4n both eyas .a
"see stereo.” There is no trick or special gif . Persong with wascys)
visual acuity or diiferent foczl lengihs r Sy Lave a 1attle dﬁ*ﬂ;kwlw
at first in re-learding to use both eyus, The regt irportant Snsto s 33:&
is = RELAX, ‘

Then placs your stereoscons on shwesdt A ove: stersoprem §3 end ryitgy
your head doim umtil the lenses ars- *ﬂf,,gm in front of yoowr ayon. {10 seu
wear reading glasses, keep them on.) Your Torelaad moy rest on tho '

Relax yuar syes as though you vers leslirg through the fable »i

The two imazas will float topeibsy and mergs. If ¢ ey don'h peoge = Zeanly

soon, rake g.re one "scops 48 shraipght actoss ¢ sreogran 4 3 and e w:&gf
of the scone is over the center dividing lise.

llow write your name on the 5 X & card and {#y the .roblems,

PRO&Q Qi A w i«é‘m‘é ﬁ‘z
(1) Do:s any one of the thres slvrwo;rars look "differust” o yout

U If s0 rark on your card the mrha of bhe one which does,
PLASS 00 NOT THINK GUT LCUGE

PROBLEM B (S:iset ¥ lanwrade stractures)

(1) §&s@ e B Whieh is highaw, »ui..tt A or point. BY Wekis
~ on your cu,zvj the lettor of “he highest oofnt,.

- (2) Strresmrand. Points A, B, C D are zomobated, 'rite tr.o o
thy cart in order of hedght, the Miga:gy Sxgl.

(3) ‘&\W\N_ﬁp Is A or B hiphsr? Wrlt: the letter of the v zhor
ooint on the card,

Notet If arpy of the pﬁ!:iﬁts look abouls enual, irileate 4t liks thiz o pour
eards A"B,

PROBLEM C (Sheet € = Terrain)

(1) Stopegzran 7t Indicate on the card thx puint which you think is
definitely higher, A or B. ,

(2) : r B: Same as 7
(3) ,gg_a ar Q: Same as 7
(£) Ste : Sarme as 7

A
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U 1f the “Laages blur, look up, relzz and eloan the fscope lenses,

your

v

(1) This stersogran of the Union Station y .rds shows you the effect
" of moving objects, Sinca tha twv phat i were then a few soeeids

apart, trains in motion will appesar in difforent places, 3y
blinking each aye altsrnately the roviig train will appear to
"jump,” Count tho nurber of traing {axl single engines) ym: c2n
%05 in riotion and write the answer on zhe card, I everyliing
starts to jump around, get & clear £ix on a building or ihy vim
table and then look back at the traiae. Just for fun, lcok &%
moving cars and pedesirians tat o not count. :

PL‘"EASS 0 NOT DISCOVIR THINGS CUT LOUD VHILS OTHEKS ARE “ORKIFM

Answers will be discussed after carde ars bandad in, Is your nas on
cardy . '
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BASIC PHOTO INTSRPRETATION RECOGNITION TEST

This test will indieato your facility in recogmizing objects en
average quality, madiun seale, air photographs. Ro ona is expectod
%0 answer all the questions. Do not be depressed if you miss most
of them, The photogranh 111l be shown again toward the end of the
course, You will find yoursslf able to recornize much rore. Ansvers

will bo discussod thon,

The photograph 48 a Csyman reconnalssance photograph of a
Russian industrial district, taken during “Jorld “ar II.

Spoed is not essontial. Take as long as you wish within reason.
IRSTRICTIONS ¢

Plage photo with olock-facs al your larer left.

See that tho acetato owarlay is firmly elippoed in plaoce.

With the grease peneil, writa your nars in upper right
cornor of overlay. 'irits neatly or it wil) smear.

Droer the cutlines of the ¢lock and the black box in the
upper left sorner on tho overlay to mark where tho over-

lay belongs on the photograph.

Row look over the whols it of questions BIFORT STARITG
TO ANSER THR. Thers is an important note at the end.

(JESTIONS ¢

Can you recogmize these things? If so, mark the required
syrbol with your grease pencil on the overlay over the iten

you 889,

Uarnings Not all the items asked for actually appsar on
the photograph. If you think a certain type of instal.-
lation, for instance, ar aircraft plant, is pgt on the
photograph, mark "NO" after the question on this test
sheet. Corroct "NU" answera count double.
 MAKT YOUR AINOPATIONS NZAT ALD PRICISZ.

1) liark "RR" over 3 reilroad lines, 1iko this:

2) BHark "L" ovor 2 motor roads, like this:

3)  Mark ™ ovar a body of water {not a drainage diteh).

4) Yark "R" ovor a realdential section (blocks of
homas or apsrtments).
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£)
?)
8)
9

10)
11)
12)

13)
1)
15)

18)

17)
18)
19)

20)
21)
22)
23)
24)
25)
%)
27)
23)
29)

Yark "AI* gver groups of warehouse buildings.
Hark "L" ovar a lscomotive.
Drasr the outlines of 3 industiiss.

Dravy sn arrow podnting in the direction yo. think
is north (Qocd cuess counts double).

Fark ®AA" owoer an anti-aircraft gun hattery.
Mark 22" ower tronchez or ground fortifications.
Under your name, wrile how nmany mtles or faet you
think thare are firom one side of the

to the other. {(Good puess sounts tripie)

Yark "IV over a railread yard {many sidings).
Draw a cirele around a group of tanks,

If you think they are pstroleun tanks, write "F"
in the eirecle

Mark with an "H" anything you sse that confirra the
general date of the photo. (Written in the cloek)
This ray mot apply to eartain photos.

tark "XX" over a war-damaged building.

Mark "Ef ovor an elsctrie power station.

Mark "S® owor an cpon storago pile (Gravel, ore,
eo2l, otc.).

Mark "AfF" ovor an airfield

"Irite "letal" ower a nachine shop or engineering works.
"irite "PR" over a petroleun refinery.

Hrite "AL" oveor an alumina or alsrdmn mamfzeturing plant.
Yrite "Coke" over & coks..oven.

Yirite "Brick" over a briek or ceramies factory.

Write "Ammo" ower an armo plant or dump.

irite "Chen." owsr 2 cherieal plant.

Write "Radio" over a radio station

“rite "Trans.” over a transforner yard or alsctrie

b sta 5
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30) “rite "A/C" over an aircraft or asrcengine plant.

31) Draw a triangle areund an electric power pylon.

32) VYrite "canal" over a navigable canal (not a
dmm dltOho)

D®ORTANT: If there is a taociiniocal term that confuses you 4in
the above questions, underline it and write "1
4n front of the question. [logag help us on this,
8o we can make our ¢uastions elsar.
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PASIC PHOTO INTTREM'TATICN SCALT FROBLIS
These problens do not. irvolve ='.orec vision. A sterso palr is &winded

in each prublem for your irnterast a:l to aid you in checldng the edus of
the objects te be msasured,

- Pleass write your name and the answers on & 5§ X 8 dardo Do year
fipuring on the work shoets, Answer: will be discussed after cards uare

handed m. 4 . }

Fird the dieretsr of the bass «f the Joffaraon liemorial.

s Vortical 'phatm 22 and /23

USGS map o Washington
Scale .4U%

- Progedure: (1) Iock at the laver nacgdn of your rap, £3ad the razle,
and writs this figure at thw top of your work pupes,
Fold the nap to shww the Jelferson Memori:l arzc,

(2) Inspeet ;heto .23 ard orient 4t with ithe mop.

(3) Using the 0017 seals JTwsasure on the map the Jiatencs
botireen tie points ¢ om cn the phioto,

Maltiply “his by the denorinator of the scale. Ihis
is the grournd distarse Lotwesn these poinls,

(4) Using ti:c <00L% smealu rmasure the distancs Letu:s
: the sam: podnts on the pholo, Tids s tho M
digtang: betusen thess pol s,

{5) Divide -i» photoc dlshance into the groum dstae,
The dividend e the denamnator of the rhwto m‘;wau
If your arithmetlo sius corrset you can find ary
graund Jdistance by multiplying its pholo diotonna
by this flgurs,

() Before :casuring the momnont, check for photo
dastortim by talking another reasuremsrt 3t an
angls t- the first., “xample: Distance m‘tzm«.w
bridga '’ of lLomorial and nearest podnt of Llurc
across Tigin, Ilultiply this by the Y} {*\&?ﬁ :
degordriior to find ground distance., .as3uce iho
samd d:tance on tho phols and divide 4% 3. LG S
ground .stanme, Your second phote sosls ziciif s
only 812 _Ixtlly diffeent. Tairs the msan etre:
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Txample: Ond.to.end of small hgton at rorth o Lasis
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doma to the outside edges of the widte st:ps,
Iook at it in stereo to check the adges if you
wish, tut use phote #23 to measurs, (Thyi)

Yalirly this mezsurament by the mean phoic seale,
This ie the dlametor in feet of the stylctate (bass)
of the .omment. Urite this figure on t: 5 X 8 card,

TRCUBLE 1QTiSs

(1)

{2)

BB B

If you can't see the srall divigions on the seale, try usin: one
lense of the %scope (it mapnifies). To see better, use the littls
thread counter. It has a scale on the botiom,

If your figures don?t come cut right, it is due to one of thsse
causess

a, lMistake in reading scale. Chook all measurernts,
b, Simple error in dividing or mltiplyinz. Chock.
¢, Deciral point troubls., The smallest divisions on tho scals

.zr?)thmﬁandths of a foot. {.,000*) The larpest are tonths
,1(,

d. Did you use tha ocantimster side of the scale for one or more

masurercits? {If you use i3 throughout, you will came out
with the right distancs in jgkers.) ‘

@, illap error. You rgy here messured from a pedint wiich has
changed totueen the photo arl the map, or which was drasm
Ancorrectiy on the rap. Shorelines vary. FRoad edgss are
only appreximata,

£o Taking tovamall 2 map measu:wment. In genoral the sruller

the distance tho greater ths error. (This is why th: momument '

cannot be measurad directly hefore finding the seale).
g. Fallure to measure the same points on mapephcto,

Bas Jong are the sides of tha Pentagon?

Mstorials: Vertioal photos 566 sul 567
USGS map of “ashington ’
Senls

Procsdurm: {Samc as in Problam A)

(1) Orient rhotograph £566 in relation to the map, 'Arite the
gcals of the map on your voridnc sheet,

(2) lake tw: mewsuraments wa tis map across the center st the
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area shom in the photo. dxarples: GConter to center of
various clover-leafs or road intersections. Inltiply
these measuremonte Ly the seale te find the grouni distances.

(3) lieasure the same distances on the photo and Jivids esch
reasurement into the raspective ground distance. Tako the
mean as the nhoto scale.

(lf) lisamere an cuter side of the Pentagon and rultiply by the

choto scale. "'ritc this lengthfor the rentagonts sides
on the § X 8 card, ,

ERQQLILC

Idantify the slane taldng off from Yolling Field. (Same procecire 5 4 « 5

«Akarialas Thotos 515, 514 ,
ALr Targat :‘esaie of “‘ashinzton
Scalo_ < 20% :

(1) PFind the scale of the Tarpet I'osaie and write it on youT
work _sheata _

(2) loassure two distances on the liosaic and find the grouns

distanca. (5.a. = mltiply by the seale.] kurjles: Riwgys

{3} lieasure the same distances on phote #5135 and Tind Lthe aneus 7

scaleo‘

(¢) UDeasure the ;lane seen taldng off and find the aetiad .m;@awz
‘ ‘and longth, (1.2, miltdply Ly jhoto seais) lotss ' my
will Photo #3515 yield nore accurate figures thar 5167

(5) Identify the plane fror the 148t bolow and witte the
name on the answer card, ' ,

!

B.17 203¢ 10" 7L o 4
Bx29 e 2e 99t i
Bu.36 23 162¢ 6" 5
B9y 1s* 107° 6" Jot
B.50 w1t 2w 990 4
G35 08¢ 760 4 2
Cats? 95° 63° 9" 2
C..5h nz* 6" 938 5" L
Ca74 , 1738 4» B V5L 4
C.12% B s LB 1278 3 3+
c.97 W1 4m 1100 ke 4
C-121 w 958 In 4

&%

R.60 ~ 18T 1M 156° 1
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- & PHOTO INTERPRKTATION QUIZ O GOKE, IROK AND STFEL

Te be used with photogreph Neo D15 frem the
328th Resono Vingo Tnd, PI Mewml, Reichswerlke
Hormen Usering at Ballondewf, Gormauy, Sep.ival

Pieasu Qisregard top ateroe puliy umbtill the Rast gquastien.
1o Bz meny blast furwaces arv there?

2, BEamr mamy geas holders ars theve?

So How mavy amokostasks serwe the asls svens?

4, Hovr mavy oresp-ever mains lseve the scke ovome?

T

5. Weuld you gay the aske owas ore in operatise?

8o Is the ookew=owen bypeodusts plaut to the 18t or wright ¢f the osena?
9, Horr many Bessemwy eamwortors sva et this pland?

10, Bev many epen bearth furcases are there here?

18 Ay the mki,ng'.pitn st the tep or hattom of the rellivg mills?

120 Weuld you say the relling miils ars in eperatica?

18, Wikt de the lesrge éi.pc&:lmm running thrucut the plant carryf

Mo Aro tremsformers visible near the puwer plami?

16, What eignifisence can you s9e im the lewer right qspw’taw ef the photse?

17 Cais you guess at the funetien ¢f the related plawt shewn fm %he
te)» steree puip?

BRI R RS S S R I I T ¢

- U
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D/® Basic Course

. Thesa packets consist of selccted sets of German Alr Foree photos of USSR instal.
lations., In some cases only one or two induatries are sham, in others thore are
industrial corplexes, 3Zach set contains an assortment of types of photo ¢cover sharing
the installation in large and small seale, at different times, and vhere possible in
odlique viewr, under snay, and other interesting aspacts. The reneral nature of the
packet is indicated as larssly metallurgie l, eherieal, ote,, tlws allarinc the
studont to solsct a packet suited to his interests and tine,

The nacket may be taken to his office for study and practice in 1clenti£y1ng and
understandin. a tarret area throurh the use of nhotorsraphy alone. To assist him, he
may borror photo industrial racognition nanuals fron D/GF. Aocordin~ to his interest
and skill, he rmay make an intsensive analysis of some aspect of thae tarcst. or range
over the area idontifying as many as pos':ible of the objects showm,

In all cases the stndent shoulsl astablish the annroximate scale of at lsast one
photorraphy, and measvre some distance or objeect sham thoraon. 3Since the altitrde
of these nhoto-raphs is unk-am, the stulent ray establish secale either by measuring
sore object whose sizo is apnroxinately !mown, or by taking a distanee from a rap of
ths area, “Zach case will present an individual proslem. Results will be roviewed
by the instmietor on ths basis of comnrshonsion and intelliront attack by the student.

Secondly, the student sheuld in all cases identify the area by georraphic
coordinatas, This may ba takon from any convenient standand map.

The student®s raport should consist of a written sha~t identifying the ohotow

' graphy stvdied by sortis (mission) nurber, print nnrber and date where possible,

and r~iving tha coordinates and scale, In the hody of tha report he ++ill state whate
sver 1nfomatiop he has extracted fror. the photos, either as a brief gaeneral state.
ment or a detailed descrintion, accoriines to his intarest, skill and available time.
For convenience, grease penclil annotations ray be rade -irectlv on the photos and
the uritten remarks keyed to therm. IXamnlas 'The boilsr house at point"A" is

— otres X __ metres, and was probably not opsrational in 19!'3 because of borb
damace.

Zach report will be judged as an intolli~ence verforrance in the contaxt of
the individual student's airs, The aim of D/GP is to help intellisenoce researchers
to acquire a tecimicue and stimulate interest,

“Then the student has completed his study of the packet he may chack his findings
against the aporopriate A/F Target liosate {available from CIA iiap Library, Graphics
Rerdstor or D/GP). Purther questions ¢an then be discussed with D/GP instructors.

As many packets as desired may be drawn consecutiv-ly.

PHOTO INDUSTRIAL TRAINING DACKITS HUST 3% SIGNZD FOR O Li/R
AD SHOULD BR RTTURITD 'ITH ALL PHOTOS INTACT A'D RELUSAILE
AFTTH ANTOTATIONS ARY CLEANED OFF,

Approved For Release 1958 RENTBIA-RDP80-01333A000300170001-8
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D/GP TRAINING COURSE NO, 1I IN THE
TUT RPRTPATION OF PHOTOGRAPHY FOR INTELIIGINCE PURPOSES

NAMES - DATSs i
T e JNETROCTOR,
AG™ e VISION: Normal ____ Cormct:d;::) SHoOLD AGK. g
LOCATIO"s  Office _____ Division ____ Branch ____ StupenTs
To nbicATE |
TEI-PRONS ZXTUNSION: (WHNETHE =L li
Vision 15 g
LCADTIC APPROWIMATELY
SACKGROUNDs  Uniwversity Specialization EquaL In
Degree{o) S BoTil EVES,
: . B OR WHETHNER é
FILITARY EXPYRISNCES ONE EVE s .
DomtNANT. i
("sveamoéce.'j :

PRES™HT . SPTCIALIZATICR:
10, YTARS EXPERIGNCE AT CIAs ____
EXPERITNCE IN PHOTOGRAPHIC INTRLLIGTICE:
[51

STAFF_H7CORDS:

)

. l:‘ .“T N
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‘ "“;w _ INTRODUCTION

In recent years it has become traditional in ocur Society to devote a portion
of each annual meeting to a panel discussion on photo interpretation. Ordinarily
sach speaker on such a program has been given a few minutes in which to deliver a

- rapid-fire report on that particular phase of photo. interpretation with which he
is primarily concerned., That these panel discussions have been quite successful
1s perhaps best evidenced by the consistently large attendance which they have
commanded, But even good programs usually are criticized by those with insatiably
high standards, One criticism of our past photo interpretation programs has been
that the full significance of each speaker's report could not be appreciated

~ because little was done to integrate the individual reports into an over-all
analysis of the photo interpretation problem.

The foregoing comment was passed along to Mr. Charles Coleman, chairman of
this year's photo interpretation panel, at the time when he invited the speaker,
as chairman of our Society's photo interpretation committee, to help plan and
participate in the present program. By thus committing a major tactical srror,
the speaker found himself saddled with the assignment of attempting to present at
this meeting a systematic analysis of the major factors affecting photographie
interpretation. It obviously is with some misgivings that he undertakes this
assignment, particularly in the presence of such an august group as we have here
assembled today. To add to his misgivings, it is planned, at the conclusion of
his remarks, to ask varioas experts within the audience to commen: apon c¢ertain

spects of his analysis and to submit such information as they may have relative
to the analysis., Although this course of action should prove to be very enlight-
éning and interesting for all of us, the present speaker's enthusiasm for the plan
1s dampened somewhat by the realization that, by the time he has concluded his own
remarks, he probably will have placed himself in the vulnerable pesition of being

"the man most likely to be enlightened,"

4 It should be emphasized that the present speaker, in the course of his remarks,
will be drawing largely upon facts or beliefs which have previously been brought

to light by various individuals present in this audience. Whatever claim to origi-
nalkty he might hold for this paper must rest in large measure upon his attempt to
Integrate these facts in terms of their significance to the over-all interpretation
problem. - o o

Unless otherwise stated, the discussion which follows will pertain primarily
to vertical aerial photographs, while not necessarily excluding its applkcability
to other types of photos as well. .

Photographic interpretation has been defined as the act of examining the
photographic ‘images of objects for the purpose of identifying the objects and
deducing their significance, This ‘definition sugzests that systematic analysis
of factors affecting photographic interpretation mizht logically be divided into
two major areas, within each of which we have already amassed great elouds of
information: (1) Factors governing the quality of photographic images; and
(2) Factors governing the perception and interpretation of photographic images.

- | Approved For Release 1999/09/22 : CIA-RDP80-01333A000300170001-8
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et us threfore fasten our seatbelts and fly directly into the first of these

‘”’: ¢loud masses, sceding it with a few orderly thourhts as we go. If our seeding

‘ EXperlment works, we may clear away some of the clouds and get a better 1ook at
*the remaining ones,

4
L

FACTORS GOVERNING THE QUALITY OF PHOTOGRAPHIC IIMAGES

By way of 1ntroductng the first of several concepts that may draw fire in
our Subsequeat discussion perlod factors governing the quality of photographic
images will be grouped simply ifto four categorics: (4) Tone and color character-
: istics, (E) Imaco sharpness, (C) Stereoscoplc parallax, and (D) Other 3actors.

: (A) TONE AND COLOR CHARACTVRISTICS OF PHOTOGRXPhIC ILAG s
7 "*The photograpnlc tone or color of an oogect is dlrectly'dependent upon four |
main factors, each of whlch is pres entable as a functloa of the wave length of
light:

%

(1) llght reflect1v1ty of the obgect photopraphed
(2) llght sen31t1V1tJ of the film employed
(3) llpht scatterlnv by atmosoherlc haze

(4) 11ght transm1s31on by the filter used. ‘

Other factors such as anount of eXposur R nature of the 11ght source, and
laooratory techniques and mterials used 1n procesolng and printing likewise exert
important influences on photogr“phlc ‘tone or color. However, when these factors
are in suitable balance, as is usually the case, the four factors just listed
remain as very critical ones gdvmrnlng photographlc tone. ‘

¥

of the four factors, two are essentvally beyond ‘the control of the photo- :

e grapher, namely the light reflectivity of the objects being pnotographed and the

light scattering by atmospheric haze. Thersfore, when taking black-and-white
photograpkg, the photographer must first take cognizance of the limitations
imposed by ‘these tiro factors; then he must arrive at a combination of the other
two factors (photographic film and filter) which will produce suitable photocraphlc
toné characteristics, TFigures 1 and 2* provids an example of 'how this may be

‘ done 1ntv111~ently, 1nste d of on a trlal-and-error basis. L

‘ -

When employln0 color photography, still a third of these four criti cal factors
passes largely out of the control of the photographer, namely the photographlc
£11ter, to be used, for if more than a slight color correction filter is employed
the resulting photograpﬁic images will exhibit de01d°d1y abnormal color charac-
teristics. It is true that in special instances abnormal photoprﬂphic ¢olor
characteristics are acceptable or perhaps even prefarrad, as in the casc of
camouflavc detcctlon. waever, “for gencral 1nterpret.tloq purposes, the. value
of color photoprapay appcars to be dLruC+1J proportional to the faithfulness with
g whicn 1t Ieﬂisters the true color charact TlSt’CS of the objects pnotowrﬂuhhd.v

a'c

e e e < s g E

*Note: All flgures mentloﬂed here W111 be shown as - lantern slldas and dlSCU$SCd"!§’ 7
"~ Approved For Release 1999/09/22 :CIA-RDP80-01333A000300170€)01-8
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Restrictions as to the type of filter that can be used with color £ilm,
combined with problems of atmospheric haze, have thus far made it virtually
s.émpossible to obtain aorial color photography at altitudes greater than a few
: thousand feet, which would be as useful for gencral interpretation purposes as
black-and-white photography taken from the same altitudes, Both the value and
limitations of eerial color photography in its present form are illustrated in
Figure 3, and will be allvded to again in a subsequent section of this paper.

(B) Ii7ABT SHARPNESS

Two terms currently in use for describing image sharpness are “"resolution®
and "acutancs." Since the term "acutance" was introduced into the literature only
a short time ago by Higgins and Jones (1952) of Eastman Research Laboratories, it
1s perhaps well to indicate how it differs from the rore commonly used term,
"resolution," The resolution obtained on an asrial photograph usually is expressed
as rcsolving power in lines per millimeter, corresponding to the spacing of the
smallest individually-discernible stripes on a photograph of a resolution target.
Until recently this value has also been considered an adequate measure of image
sharpness and therefore of the suitability of photographic images for interpra-
tation purposes,

The lack of correlation between resolving power and sharpness is well illus-
trated by the prints in Fig, 44 and 4B, which are part of the aforementioned work
of Higgins and Jones which led theom to development of the now term "acutance,®
presently to be defined, In this experiment, the same negative was printed on
two experimental positive materials to give the best-matched tone possibla, The
positive material used in printing Fig. Y4 has a maxirunm recolving powsr in excess
of 230 lines per millimetcr, while the positive mater-al used in rrinting Fig. 4B

‘.vpas a maximum resolving power of only 130 lines per millim-tor, It is obvious
7 that even though the material used in making Fig., 43 his a very much lower
resolving power, the prospects for general interprot-tion are much greater in B
than in A, In an effort to measurc this important difference in the suitability
of photographic images for interpretation purposes, Higgins and Jones have
developed the concept of "acutance" as a measure of image sharpnoss, Perhaps
because of the paucity of our language it is difficult to defire acutance in a

2
fow words, It can be defined mathematically as the product, (G, ). (DS) as

explained in the following paragraph and by refercnce to Figure 5.

When a photographic material is exposed to light while partially shielded by
a knife edge in contact with the emulsion (as shovn schematically at the top of
Figure 5 ), the developed image docs not end abruptly at the knife edge but
encroaches upon the shiclded arca and has a diffuse boundary. (Higgins and Jones,
1952) A microdensitometer trace across this knife-edge image typically yields a
curve such as that labelled "D" in the lower part of Figure 5, The ordinates for
this curve represent density and the abscissas, distance on the negative in microns,
The steepness of the knife-cdze gradient at any part on the curve, such as C, ob-
viously is oxpressed in terms of the incrsase in density, [&,D, whiich accompanies
a unit incrcase in diatance on the negative, /§ X. The flattest tons gradient
detectable by the human eye is known to be that giving a change of approximately
0.005 density units per micron. All points on curve D of Figure 5 which are to
the left of poiut A are outside this limit and hence appear isotonic; the same is

U-
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~ true for all points to the right of point B, Alternately stated the distance from

Xy to Xy is that over which the visually detectable knife-edge gradient is spread g
on the negative.' The average gradient, Uy, between A and B is independent of the
image density distribution between these two points. Thus curves D, E, and F of
Fig, 5 all give the same value for T, However, the human eye perceives 3
different sensations of image sharpness from these 3 curves since the cones of

the eye, in scanning back and forth across this area, translate minute density
gradients, 2D/ ~nx, to log illuminance gradients, ~log B/ ,ix, in the image

formed on the retina of the eye. One means of expressing quantitatively the
differences in sharpness of curves D, E, and F is through use of the mean square
value G,~ obtained in each case by (a) squaring the various values for AD/ Ax
(based on 0.005 unit increments of D, this being the threshold value for detect-
ability), (b) determining the total sum of these individually squared values and

(¢) dividing this sum by the total number of values. In terms of the calculus

this relationship is expressed by the equation ' '

Z 3B (D)
GX =j dJCJ! : (dX) .

Sincé thé impression of sharpness in the tone-edge gradient also would seem to
vary directly with the total tone range, D3, traveesed by, the gradient, Higgins
and Jones have tentatively decided upon the expression, (ﬁ;z) . (DS) as a

physical measure of image sharpness, and have termed the values thus obtained
"acutance values,"

The foregoing rather technical discussion could not be justified in a paper ~
such as this were it not for the fact that the physical measurements for acutance —
(a) are readily made and (b) are highly siznificant in terms of the interpretation
of photographic images since they constitute a far better index of image sharpness
than do any other objective values known. ’ ’ .

Another striking example of the inadequacy of the term "resolution" to define
the suitability of a photographic image for interpretation purposes is provided by
a comparison of Fig, 6A and 6B, Despite its lower resolving power, Fig. 63 is
superior to Fig. 6A because the former was focused to give maximum acutance while
the latter was focused to give maximum resolving power (as determined with a
resolution target)., Similarly it may e stated that Fig, 4B is superior to
Fig. LA because the former provides higher acutance in this particular case even
though ‘the latter has nearly twice the resolving power (in terms of lines per
millimeter) . Higgins and Jones assert that "all data taken to date indicate
that acutance can be used to predict the sharpness of pictures made with
different photocraphic materials." (2) ' '

It should not be inferred from the preceding paragraph that resolving power .
18 no longer a value worth determining, The fact rmst not be overlooked that the
tuman eye, under a given set of viewing conditions, can resolve a certain numbor
of lines per millimeter in a photographic images Resolving powaer, therefore, may
still be a potentially limiting factor in that variovs components of the photo-
graphic system (including lenses, films and papers) should be of such guality as
to provide resolving power characteristics in the image well above the threshold

Approved For Release 1999/09/22 : CIA-RDP80-01333A000300170@01-8
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values detoctable by the human eye. In this connection it is pertinent to note
that the unaided human sye, when viswing a resolution target at the normal reading
distance of 12 to 14 inches can resolve a maximum of about ten black and white

1.“iines per millimeter, This value is of course increased commensurately when the

eye is ailded by magnification, as when looking through a lens stereoscope. Since
the average aerial photographic print of good quality yields resolution in the
neighborhood of 15 to 20 lines per millimeter, the potentially limiting nature of
resolution for study of photos through a magnifying stereoscope is readily apparent.
At the same time it must be remembered that resolwing power, measured in the con-
ventional manncer, does not constitute as good a measure as acutance, for expressing
the ultimate sharpness of photographic detail which can be well resolved by the
human eye., WMr, Higgins summarized this point rather well when he stated informally
to the speaker that "resolution measures a certain limiting threshold of image
sharpness, whereas acutance measures a sort of super-threshold of image sharpness."

The factors most critical in determining the image sharpness obtainable with
any particular photographic system are: (1) Aberrations of the lens system, (2)
Focus of the lens system, (3) Image motions at the instant of exposure, and (4)
Charactoristics of the photographic materials. BEach of thesc factors will now be
discussed briefly.

(1) Aberrations of the lens systom

The term "aborration" relates to any defects of an optical image
caused by imperfections of the lens system. The scveral types of
aberrations are classified as astigmatism, chromatic aberration,
spherical aberration, coma, curvature of field and lsns distortion.
Since cach of thesc types is well discussed and illustrated in many

\-ﬂ texts (including the Manual of Photogrammetry, 1952), no further

-

details will be given here. However, it is important to realize
that even minor aberrations in an acrial camera's lens system may co
seriously detract from the image sharpness obtainable., This fact
has recently becn emphasized by Zernike (1951) who states that
"every single aberration causes a deterioration proportional to

its square, indspendent of the others.”

One type of lens aberration is sufficiently pertinent in
relation to certain types of photo interprctation to merit
emphasis, namely chromatic aberration. As the term "chromatic"
implies, different colors of light may come to focus at different
disfjances from the lens, as in the case of longitudinal chromatic
aberration; different colors of light also may produce different
magnifications, as in the case of latoral chromatic aberration.
Most aerial camera lenscs arc color-corrccted to minimize these
types of aberration on the assumption that conventional panchro-
matic minus-blue photography will be taken witn thoms It thers-
fore is not surprising if poor image sharpness results from the
use of such lenses for infrarcd photography or other spscial types
that are sometimes used to accontuate ccrtain tone differcnces,
In such cases the lens system is being used for wave lengths of
light vastly differsnt than those for which it has been color
corracted,

* 2oL ST

SR o W
2
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" desired in tlc photographic exposures.

It is con001vablo that the importance of being able to ietect
and recognize on acrial photos objects having unique reflectance’ ,
characterlstlcs might assume such great 1mportanco in the future -
as to justify the use of special camera lens systems which have -
becn color-corrected for the particular wave lengths of light '

¥

Focus of thn 1 ns system

- Recent expmrlnento at Boston University (lacdonald, 1951)

“and elsuwherh indicate that there is no single setting of distance

betwecn fllm.plwtﬁ and lens which will bring all images at a given
distance from the camera into cqually sharp focus, regardless of
their sizes, DBriefly stated, in these experiments the optimum focus
for any object was found to be that setting at which gpprox1mately
80 ‘per cent of the total lisht passing through the lens system from
the object was concentrated within the so-called "blur-circle" image
of the object. Since the sizc of the blur circle varies with the
size of the objset photographed, the optimum focal setting also
varics accordingly, as diasrsmmed in Flﬂure 8, For the usnal multi-

purpose photography this flndlng is a difficult one to cxploit, as

the photo interpraoter desires good imare sharpness in objects which
vary widely in size. Howevor, if we again assume that some particu-

lar type of photo interpretation involving objects of uniform size

may be of such importance as to merit its own special photographic
mission (and numerous examples of this already have occurred), then

we may also assume that adgustment of the focal setting for such
spec1ul purposes is not an unreasonabls requirement, The followlng

arc oxamples of types of photo interpretation in which such a require- il
ment might exist: (1) the making of traffic surveys in which auto- E
mobiles of relatively uniform size arc to be dotedted and enumerated;

(2) the making of personnel counts at 2 public gathering or of troons

‘on a battl:fleLd (3) the making of a fish or wildlife census from

photography on which the particular population to be detected and
erumerated usually is romarkably uniform in sizej and (4) the making
of log counts in a sawmill pond or tree counts and related measure-
monts in an oven-aged stand of timber. Assuming in the case of each -
of these objects that vertical photography were to be flown at a
specified scale, the size of the "blur circle" produced by the images
of the objects at that scale could be readily calculated and the

" focus adjusted accordingly.

The enthusiasm for obtaining an optimum focal setting for the
specific purpose hers under consideration should not blind cne to
certain realitics, Specifically such uncontrollable factors as
atmosphorlc pressure, tumpﬁratxrc plana vibration, etc. moy cause
the focus of an aerisl camera to be altered in flisht, repardless

" of the groat accuracy with which it may previously have boon set.

- ApprolRd FEREIBHEE1I99709125°: TIR-RDOPET-0333A000300170001-8

Ignoring such realitics onc might strive to develop a camera lens
which would provide 2 very shwro Resolution/Foecal DOttlnT curva

such as that labelled "AY in Flb- 9. In thz light of such realities,
however, he might bett“r strive to deVVLop a lens which wonld pro-
vide a broad bell-shaped curve, such as that labelled "B" in the

~.game figurc. It is obviovs that such a lens cxhibits acceptably Y

sharp focus over a much greater range of focal settings and hence

-
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4 There are several factors which may cause the optical image of an

&" - object, formed at the focal plane of an aerial camera, to exhibit
motions relative to the phctographic film during the instant of

~ exposurs (Macdonald, 1952). That such motions may seriously

detract from the image sharpness obtained on the resulting photog-
raphy is evidenced by the fact that the in-the-air performance of
an aerial camera system frequently provides less than half the
image sharpness (and sometvimes less than 1/5 the image sharpness)
obtainable in the laooratory using the same equipment.

The primary types of image motion may be grouped roughly as
follows:

(a) ILinear aircraft motions caused by the translational (forward)
motion of the photographic aircraft.

These motions are only in the direction of flight and
can be largely eliminated through employment of so-called
"image motion compensation" magazines, which cause the film
to move along the focal plane during the period of exposure
at a rate commensurate with forward motion of the image it-
self (lMcNeil, 1951).

(b) Angular Aircraft lMotions (Roll, Pitch and Yaw).

These motions, occurring at the instant of exposure,
) obviously can cause serious blur of the image. The act
ﬂ', of levelling a camera for each individual exposure, in the
presence of these motions, likewlse may cause image blur.

(e) Vibrational Motions of the Airframe, Camera liount, Camera,
or Camera Elements,

With the advent of jet photographic aircraft and their
sesmingly smooth riding qualities the conclusion was pre-
maturely reached by some that vibrational motions would no
longer be of serious consequence to the photographer. Un-
fortunately, such is not the case, for although vibrations
of long-wave length are much reduced in jet aircraft (as
evidenced by their smoother riding qualities) vibrations of
short-wave length remain very seriocus. Meaus of dampening
vibrational motions of the photographic system assume
increased importance as camera focal length increases,

- because of the increased lens-to-film distance over which
such vibrations dan be amplified.

Figure 10, from Dr. Macdonald's studies, provides an indi-
cation of both the relative and absolutg sericusness of the various
image motion components just discussed,

/
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N At present most authorities consider that the cumulatlve effect

V@ of vurlovs image motions constltvtes the factor which most limits é!.
- image sharpness, Certainly this conclusion is indicated when it is ‘
considercd that, under laboratory testing conditions, aerial
photographic 1onsos, films, and papers commonly are capable of
yieldln" resolutions of ot least 75 to 100 lines per mllleoter,
whereas the actual aerial photographs obtained with such equipment

rarely provide resolution excezding 15-20 lines per millimeter.,

This is true even when both "air boil" disturbances immediately
beneath the photographic aircraft and atmospheric haze disturbances
between camera and object are favorably low; these facts serve still
further to isolatc image motions of the types just discussed as the
primary causes of poor imagery.

(4) Characterlstlcs of thﬁ PhotOfraphlc hatbrlals

Since much of the dlSCUSSlon at thp bezinning of this section
pertained of necessity to photoer"phlc nmaterials, little additional
need be said on the subject at this point. However we would do well

to re-cxamine the product “(a;z). (DS)" illustrated in Figure 5, which
45 used to measurc acutance, The discussion thus far under the
heading of "Imag: Sharpness" relates primarily to the steepness of

the photogrﬂnhlc tone "edg gradient" and therefore is applicable

primarily to the "Gy G2n half of the acutance factor. Since the

remaining half, "D°" cxpresses the total tone range traversod by

the photographicvodge gradient, this half also merits consideration

in our discussion &f image sharpness, - -

kAl
. "

Obviously, the maznitude of the factor "DS", is governed by
the over-all tone contrast between the photo rraphic image of an object
and its background, Thus, in concluding this discussion of factors
affacting image sharpness we are led back to our initial discussion
of factors affecting photographic tonec. In this way we again come to
recognize the importance of sclecting a suitable film-filter combina-
tion for each photOﬂraohlc mission. An attempt will be made later
in this paper to indicate, from the photo interpreter's standpoint,
the relative importance of photographic tones, per se, on tha one
hand, and photographic tonec as a factor governing image sharpness,
on the other

The importance of chomical solutions used in developing and
fixing photographic images should not be overlooked., These solutions
- obviously must bo of the proper chemical composition, temperature,
and state of agitation at the tire of their usc if latent photo-

graphic images are to be converted into interpr-table ones,

Possibilities for thz usc of certain special tecnnquOS (such
as oversxposure and undordOVﬂlopmﬁat to bring out the details of
objects in shaded arcas) merit special consideration,

- Glossy ferrotyped contact prints are proferred over all other
typﬁs by many photo interpraters, but carc must be excercised when
interpreting such prints that the light source is so positioned as -~
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One objective in photographic printing is to spread the grey
scale of tones over as large a number of visible steps as possible.
With this in mind experiments currently are being conducted
(Nelson, 1952) on perfection of (1) a "negative analyser" which
will scan each negative electronically to determine its density
range, (2) a variable contrast photographic paper adaptable to a
wide range of negative densities, and (3) a variable contrast
printer which, in conjunction with items (1) and (2) will give
each negative or portion thereof the proper exposure at the time
of printing.

Possibilities for the use of transparencies rather than the
conventional opaque prints and of full color images rather than
monochromatic ones will be discussed in a subsequent section on
the viewing of photographic images. :

(C) STEREOSCOPIC PARALLAX.

Parallax is defined as the apparent displacement of the position of
a body with respect to a reference point or system caused by a shift in the
point of observation. All of us recognize that if the photo interpreter is
to perceive objects three dimensionally, and thereby make a much more
complete interpretation than would otherwise be possible, he must be pro-
vided with photographic images having proper stercoscopic parallax charac-
teristics, Accordingly a critical, but brief analysis of factors governing
the stereoscopic parallax characteristics of photographic images would seem
to be within the province of this article, Figure 11 attempts to summarize
these factors in diagrammatic fashion.,

‘ As indicated in Figure 11, the form of the parallax equation with
which we are perhaps most familiar is as follows:

h - I{ . dP
P 4 4P

Since we arc interested here in analysing the factors governing stereoscopic
parallax, dP, it is helpful to transpose the above equation to the following
form:

When the parallax equation is rewritten in this second form, the following
factors are seen to govern the ster=oscopic parallax characteristics of an
object, and in the fashion indicated:

(1) P, the absolute parallax of the bass of the object, commonly
referred to as the stereo base, Since this factor appears
only in the numerator of ocur sccond ecquation, the magnitude

. of dP is seen to be directly pronortional to the magnitude
of P,
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__js(?) H, the height of the camera lens above the base of the object.

Bince this factor appears only in the denominator of our

V‘p?opbi*tional fcfé the mggnitude of H,

4:{3) h, the height of the object. This factor appears in both

0w mumerator and denominator. However its effect in the numerator,
“onc o as’a miltiplicand, far exceeds its effect in the denominator as
#i1 "L+ B subtrahend. Accordingly the magnitude of 4P is directly pro-
S48 pertional to the magnitude of h. '

‘The importance of our clearly understanding the above relationships
1g accehtuated when we recognize that: (a) the photo interpreter crdinarily
does not desire images which exhibit maximum stersoscopic parallax because
he cannot then fuse the images of relatively tall objects throughout their
entire cxtent; therefore he cannot adequately appreciate their three-
dimensional form; (b) mneither does the photo interpreter ordinarily desire
the minimum of stercoscopic parallax, as this would cause all but the tallest
objects to appear tio-dimensional. Since there is thus scen to be an
optimum parallax range, it would sesm apvropriatc to analyse the ahove factors
Tquite earcfully bofore a photo mission is flown to make sure that the photog-
‘raphy as contemplated will exhibit the desired stercoscopic parallax charac-
teristics, Again looking forward to the time when photographic missions will
be flown to satisfy specific objectives, we can appreciate the potential
importance of sich an analysis in detecting and interpreting objects of
“Pather uniform height, such as automobiles, or personnel, or even-aged timber
“ gtands; the same may be true when the primary objective is to determine
“Jepths of water, gradients of beaches, or ste-pness of landforms within
specified ranges. ’ '

It will be noted that neither camera focal length nor photographic
scale is listed in the forcgoing analysis as onc of the factors directly
affecting stercoscopic parallax, However, the indirect effects of focal
length and scale, through their influence on one or more of the factors
Just listed must not be overlooked. Because of certain problems in camera
_design, film manufacture, film processing, and print viewing, the "format"

I 8p hdgative size of an aerial camera does not incrcase in proportion to

“focal length, beyond a certain size range. #s a result, cameras of very
long focsl length have a greatly reduced base/height (P/H) ratio
(Aschenbrenner, 1950). Consequently photographic images at a given scale
exhibit greatly reduced parallax when taken with cameras of long focal
length. This, in turn, means that desvite the large scale of photograrhy
the height or third dimension of all but the tallest objects becomes
_impércéptible on long focal 1zngth photography flown at the high altitudes
Por which such cameras are designed. For ninpoint reconnaissance purposes
this difficulty is adequately overcome Dy the taking of convergent stereo
pairs, as diacrammed in Figure 12. For thc more goneral situation in which
extchsive areas are to be interpreted no ready solution to this problen
presents itself, The importance of this »robvlem in relatiin to the interpre-
tation of objects lacking great height becomes apparcnt when we consider that
the smallest differential parallax which an internreter can detect is from

2 to It times smaller than the smallest two-dimensioral detail he can detect
(Salzman, 194G ; Aschenbrenner, 1950). Failurc to obtain normal sterco-

scopic parallax in aerial photography may therefore impose the requirement ;M

for a two-fold to four-fold increoase in photographic scale to compensate for
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(D) OTHZIR FACTORS GOVERNING THS QUALITY OF PHOTOGRAFHIC IMAGES

Most of the factors not mentioned hercetofore which govern the quality
of photographic images can be grouped under three major headings as follows:

(1) Time of photography, (2) Type of photography and (3) Scale of photography.

(1) Time of Photosraphy

Insofar as the diurnal aspects of aerial photography
are concerned there are obvious advantages in most cases
to photography having minimum shadow length. With this

~in mind it is commonly stimulated that the sun must be at
lzast 3% hours above the horizon, at the time of photog-
raphy. Alternatively it may be stated that the time of
photogzraphy must be within, say, two hours of local noon,
Such specifications obviously should bo tailored to the
latitude of the arca being photographed, the time of year,
and the type of interprotation being performed.

_ Seasonal aspect is of obvious importancs in relation

to the appearance of foliage and to the presance of snow,
ice or watcr which might obscure vertinent ground detail

on the photographs (Bigure 13). Requirements are so vari-
able in this respect as to defy the making of broad gencral-
izations,

The weather aspocts conventionally desired for obtain-
: , ing the best photographic image dictate a time for photog-
ﬁ.# raphy when there are cloudless days with virtually no smoke.
or haze. However there have been instances reported in
which photography flown beneath a high overcast proved -
superior to that flown on bright sunny days, both for
miltiplex mapping and for many types of photographic inter-
pretation, The princinal advantage of such photography
seems to be that it provides much better det2il in shaded
areas, Although a longer exposurc obviously is recuired
in order to obtain such photography, image blur has becn
found to be negligible for photograrhy flown at a scale of
1/20,000,

Finally, the scquential aspects discernible from com-
parative interprotation of photographs taken of the same
arca at successive time intorvals may bz of great value for
certain types of interprotation, At one extreme may be the
time interval of a fow scconds between suceessive exposures
of the same photographic run, from which the rate of move-
nent of vehicles or other objects may be determined; at the
other extreme may be the time interval of scveral yecars,
from which the rate of erosion, plant succession or other
relatively slow-moving phenomena can be observed. ‘

\/
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(2)

(3)

Having thus concluded our discussion of factors governing the quality of
photographic images, let us now direct our attention to factors governing the
perception and interpretation of those images.

In certain phases of thz cusuing discussion it will be helpful to keop
clearly in mind the difference between "detection" and "recognition™ of photo-
The term "detzction" as here used mercly implies the nct of
becoming aware of the existence of an object, independent of its actual
identity, through discernment of its photographic image,
however, implies the establishment of an object's actual identity through a
study of its photographic image.

... Approved For Release 1999/09/22 : CIA-RDP80-01333A000300170001-8

graphic images.
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Tyne_of Photography "
Mr, Robert Frost published an excellent article in the
June 1953 issue of Photogrammetric Enginezring in which he
recognized four so-called "types" of phetography:
(a) Vertical photo coverage, (b) Trimetrogen photography,
(e) Continuous strip photography and (d) Composite (or
multiple~-lons) photography. Since Mr. Frost discussed the
relative merits of these four types, the present spoaker
wishes merzly to commend his article to the audionce.
Because of ambiguity in the term "type of photography" as
here used, any suggestions for a more suitable term would
be gladly entertained during the discussion period which
follows this paper.

Scale of Photbgraphv

Photographic scale is meaningful to the photo inter-
preter only when considercd in terms of resolution. As
previously stated resolution measurss a certain limiting
threshold as to the image sharpness required to recognize
objects, It is obvious that there will be a certain
threshold value (or narrow range of valuss) for resolution
on any given aerial photograph at which the photo inter-
preter will barely be able to recognize an object from its
photographic image. This threshold resolution value probably
is best expressed in terms of "lines per object" required
for recognition. The value of such an expression is that it
serves to highlight the inter-relationship between photographic
scale and photographic resolution. Thus it is apparent from
such an expression that, within the recognition threshold
range, the chances for recognition of an object on acrial
photographs may be increased by either (a) increasing the
scale at a given resolution or {b) improving the resolution
at a given scale.

In concluding this section, refercnce is again made to
Mr. Frost's article in which information of general interest
is given as to the relative merits of photographic scales
ranging from 1/2000 to 1/60,000.

'FACTORS GOVERWING THE PERCEPTION AND INTERFRETATION OF FHOTOGRAPHIC Ti{AGES

2: ACIA-RDP80-01333A000300170§01-8‘; _ o
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In order that objects can be detected on aerial photographs, their photo-~

 graphic images need merely oxhibit suitable tone or color characteristics;

specifically, there must be a sufficient tone or color difference between the
images and thelr surroundings to inform the photo interpreter that there is a
discontinuity of the background tone or color at those points on the photo
where the images appear,

In order that objects can be recognized on aerial photographs, however,
their photographic images must be sufficiently sharp to inform the photo
interpreter as to the configuration of the objects,

If, for example, on black-and-whitc photography the objects photographed
consist of a mixture of light-toned squares and circles superimposed upon a
dark background, therc will be a "detection threshold" at which there is Jjust
enough tone stimulus for an interpreter to detect the presence of these
objects without being able to recognize which are squares and which arc circles.
There will also be a "r“COdnlthH threshold" at which there is just enough
discernible as to tho configuration of the objeccts to permit their recognition
as squares or circles by the pvhoto interpreter.

Probabilitics for both the detection and recognition of an object on
photographs can be conveniently analyzed in terms of its so-called "edge
gradient” characteristics. The term "edge gradient”™ rofers to the abruptness
of tone or color change between the cdge of a photographic image and its
background., Thus, for an object to be detected the absolute tone or color
ranga traversed atong the cdge gradiont between that object and its background
should be sufficiently groat to be detectable by the photo interpreter., For
the object to be rccognized (c.g., as a square or circle) the steepness of the
edge gradicnt rust be sufficiently great, as a result of good resolution and
acutance characteristics, to give the imapge of that object a recognizably
sharp outline,

Fhotographic tone or color, on the one hand, and image sharpness on the
other, obviously arc interrelated factors insofar as the detection and recog-
nition of objects are concerned, since they are the primary factors governing
edge gradient characteristics (Macdonald, 1951). Thus, as image sharpness
increases, edge gradients are stenpened so that the tone or color contrast
required to detect any given object decreases; conversely, as tone or color
contrast increases, edge gradients ngain are steepened so that the image
sharpness required to raocognize any gilven object decreases. Ixperiments on
black-and-white photography have shown that despite the interplay of these
two factors, tone is the primary factor governing the detection of objects,
whilc image sharpness is the primary factor governing their recognition. In
the casc of color photography howover, it is well known that color differonces
not only facilitate the detection of objeccts but are cormonly of great value
in the rogognition of objects as well,

¢ While the foregoing analysis appears to be valid for the examinati on of
individual photographs, an additional and cxtremoly important factor, namely
sterzoscople parallax, enters into the intorprotation of storeoscopic photog-
raphy as will be nentioned in a subsequent scection,
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3 Factors governing the perception and interpretation of photograpulc 1mages
w1l now be, analysed under the following three headings: (A) Characteristics of
~ the photo interpreter; (B) Characteristics of the photo interpreter's equipment
and (C) chhnlques employed by the photo 1nterpreter.

(A) CHARACTQRISTICS OF THE PHOTO INTZRPRETER

(l) Visual Acultv

In an excollunt treatment of the factors in human v151ou
applicable to photogrammetry and photo interpretation, Salzman
(1949) dofines visual acuity as "the ability to sec separately
and unblurred the details of the visual object as those details
are made smallor and clossr together.” In the same article, he
defines "visual sensitivity" as "the ability of the cye to
respond to (illuwmination) stimuli,.® In attempting to follow
throush with our announced plan of making a systematic 3na1;31s,
1ot us now consider the photo interprotor's visual acuity in
terms of the proviously-discussad photo image characteristies,
namely; (a) tone and color, (b) image sharpness and (c) sterco-
scopic parallax, It is to be hoped that in so doing we will
‘acquire a2 keener insight as to the importance of each of thnse
factors in the Lnt01pret1tion of photographs.

(a) Dlscernment of photographic tone and color

Some of the most significant rescarch on visual
acuity is that relating to tone contrast thresholds of the
human eye (Blackorell, 1946). In Blackwell's experiments, f!!
“trained observers werc placed at one end of a 60-foot room

rand an illuminatoed observation scrasn was placed at the
other end, A spot of light or "stimulus" was then pro-
Jected onto the scrcon in any onc of eight possible ‘
positions, If the observaer were able to detect the
gtimulus, he indicated in which of the 8 positions on
the scroen tho stimulus had been projected. By

- deercasing the contrast between the stimulus and the
screctt, 1t was. possible to decrease the probability of
deteeting the stimulus., The "threshold contrast" thus
deternlncd was defined as that contrast at which the
observwr could deteet the stimulus with a probability
of 50p duc allowance having boen mads for chance
‘success.  Actually it was found that an observer did

-not feel confidant of having scen a stimulus unless
the contrast were such that the level of probability
of dotaction oxceeded 9075,

‘ Some of the results obtoined from these
tests, involving nearly 2 million observations are
sumaarized by the average probability curve shown
in Figure 14.
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. The following points arc of particular interest to
\., the photo interpreter who is confronted with the similar
problem of detceting small objects by virtue of tone
contrast between them and their background:

Within the threshold range, a rather slight increase
in the relative contrast greatly increases the probability
of detection, This fact serves to accentuate the poten-
tial importance of sclecting a photographic film-filter
combination which will increase, even though only slightly,
the tone contrast between an object and its background.
(Mcans for doing this intclli-ently, instead of on a trial
and error basis have alrecady been discussed.) This find-
ing also indicates the possible advantage of vicwing color
transparencics successively through various filters each
of which may inerease tone contrast on a certrin part of
tho photo depending upon the spectral reflectance charac-
toristics thore of the objects to be interproted and of
their environment,*

Stimili darker than the observation screen have a
dotection threshold approximately 205 lower than that of
stimili which are lighter than the observation screcn.

This fact would seem to indicate that objects of relatively
low reflectance, in that part of the spectrum photographed,
can be more readily detected on photographic positives,
) whoreas objects of high reflectance can be nore readily
&'/ detceted on photosraphic negatives.

Additional factors, not covered in Blackwell's
cxporinents, but pertinent to this discussion are as
follows:

The human cye can detect approximately 100 stcps
(tonc edge gradients) on the groy scale when viowing
opaque photograrchic prints; on the other hand it can
detoct up to 300 steps on photographin transparencies.
This indicates cle~rly a potential superiority of
transparencics over opaque prints for the acrial photo
detection of small objects.

¥ It might seom that the filter offoring best tone dif-
fercntiation for the vicwing of a color transparency
right be predicted cither (2) from a reflectonce spec-
tyum analysis of the object and of its background or
(p) fror: a transmission spectrum analysis of the samo
clements made directly from color tronspareinciss. As
ovidonced by the roport of Tarkington (1952), however,
the latter method is preforabls bacause the color trans-
parencies of objects will rarcly, if ever, axhibit

_ transmission spectra identical with the roflesctnnce

\.J spectra of the objects thems:zlves.
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able to diztinguish approximately 200,000 different steps
on the color scale (i,e., 200,000 different combinations of
tme, value and chromz) as compared with the 100 to 300 steps -
discernible on a grey scale. This would seem to indicate ‘
very greatly increased opportunities, through use of color
photography, for detecting the edges of photographic images.
These tests also show that it is 1s harder to distinguish
between two ghades of color than it is to distinguish between
two luminosities., This fact would seem to offer further
support for the suggested viewing of color transparencies
through filters capable of exploltlng luminosity differences
V(Colwell, 1950; O'Neill, 1952).

The human eye exhibits appreciably rmore visual respons-
iveness to brightness changes in the light end of the grey
scale than in the dark end (see Figure 15). This fact can
be exploited when viewing transparencies simply by proper
‘ad justment of the light source.

The human eye exhibits less visual acuity toward light
in the blue and red ends of the spectrum than to green and
yellow-green lizht in the central porticn of the spectrum
(Shlaer, Smith and Chase, 1942), The nagnitude of this
factor is indicated in Figure 15. In view of the shape of
this ocurve consideration might well be given to the use of
green or yellow-green illuminants when viewing either opaque
prints or transparencies,

(b) Discernment of resolved detail (image sharpness) ‘.’

The work of Helmholtz (1909), Polyak (1941),

Bryam (1944) and others on the physiology and photo-
chemistry of the eye, togzether with the vision testing
experiments of Blaclwell (1946) and Jones and Higgins
(1947) indicate that there are only a relatively few cones,
sitvated around the center or "fovea centralis" of the eye,
which are functional to an appreciable degree in the dis-
cernment of minute photographic detail. (See Figure 17.)
When viewing a photograph these cones are stimulated by a
rapidly changing illuminance. This is explained by the
fact that, even during attempted,fixation on a point in the
visual field, the eyeball is not absolutely stationary.
Instead, it is subject to a multi-directional vibratory
motion of relatively small amplitudes (1.2 minutes) and

~ high frequencies (25 cycles per second) of the type 1nd1-
cated in Figure 18.

: The importance of this phenomsnon in terms of
discernment of photographic detail can be illustrated by a
single example: In order for the photo interpreter to
discern a cirenlar photographic image, such as that of a
tree crown having moderate tone contrast with its background,
nearly 300 conss must be activated by illuminance changes
along the edge of the image. If there were absolute fixation
of the eyeball, therefore, the srallest circular object of iy
this tone contrast which the eye could detecht would be one W
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whose periphery passed through approximately 300 cones when
imaged on the retina of the eye, However, because of the
eyeball's vibratory motion the necessary 300 cones are
activated by an image so small that it does not entirely
cover a group of 4 cones at any given instant. In light of
the foregoing discussion it would seem quite plausible to
attribute at least part of the differences in visual acutty
of "sharp-sighted" and "dull-sighted" photo interpreters to
differences in the vibratory characteristics of their eyes,
Loss of visual acuity as a result of fatizue might bhe par-
tially explained on a similar basis.

Recent cxperiments reported orally to the writer by
Higgins and Jones (1952) show that visual aculty of the human
eye is considerably greater when the diawmeter of the pupil
is approximately 4 mm than when it is of either larger or
smaller dianmeter (see Figure 19). This would scem to indicate
that when very dstailed interpretation is to be performed the
over-all luminosity of the photographic print or transparency
should be adjusted so as to cause the pupil to dilate to this
optimum diameter. (Comparc with Fig. 15)

The number of cones in the human eye which must be acti-
vated by illuminance changes in order to detect a photographic
edge gradient will, of course, vary with the amount of con-
trast between an image and its background, Thus Hacdonald
(1951) found that in the presence of very high relative con-
trast 73 lines per millimeter could be resolved by the human
eye, whereas with very low rclative contrast less than 5
lines per millimeter could be resolved (see Fisure 20),
Macdonald (1951) also plotted image contrast as a function
of focal sotting with detail size as a parameter, as shown
previously in Figure 8, It will be noted that as detail
size increases there is a shift to the right of the focal
setting which gives maximom tone contrast, This eifect can
no doubt be considered as corollary with the carlier dis-
cussion in which 1t was stated that the lens focusing should
be such that approxiiately 50,5 of the light would be focused
within the blur circle.

Figure 20 is excellent for illustrating the previously-
mentioned relationship between tone and image sharpness from
the photo intecrpreter's standpoint., As indicated in this
figure any object such as "A", which is to the right of the
contrast threshold curve, is not perceptible to the human
eye. It can be made perceptible in either of two ways:

(1) by incrcasing the relative contrast between "AY and its
background, thercby moving "A" upward until it crosses the
contrast threshold curve, or (2) by incrcasing the image
sharpness (discernibls lines per objcet), thereby moving
"A" to the left until it crosses the contrast threshold
curve, In the speaker's opinion the significance of this
figure in terms of our analysis of factors affecting photo-
graphic interpretation can scarcely be over-emphasizad,
Here, in the results of an actuval scries of tests, would
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seem to lie ample justification for our rather lengthy analysis
of factors governing photographic tone and image sharpness. The
consclentiouns photo interpreter who always is sccking means of
extracting morc information from photos, must be vitally infer-.
ested in all means by which uninterpretzsble images such as "A"
can be transposed to the left side of the curve (Figure 20).

While Fig. 20 is excellent for summarizing rcelationships
between photographic tone and image sharpness, it does not
summarize the third dimension of our analysis, namely sterco-
scopic parallax., Accordingly, let us next briefly investigate
visual acuity in relation to stercoscopic parallax,

(¢) Discermment of stcrcoscopic parallax (binocular acuity)

. At first thought it might secm that the smallest
differential parallax detectable by a photo interpreter would
correspond to the smallest photo detail he is able to resolve,--
‘or, (in the words of theo professionals) that "stereoscopic
acutty" would correspond to "vernier acuity." However, actual
tests have shown, as proviously montioned, that the smallest
differcential parallax which a person can detect is from £ to i
the size of the smallest photo detail he can reseclve (Aschen-
brenner, 1950)., This scems logical when we consider that by
exercising storcoscopic vision the observer perecives one
entire group of detail (representing a particular object or ‘
element) against another group of detail, representing the
background. Assuming that this concept of a detail group
applics to objects which are so small as to be barely at the
detection threshold, storcoscopic visual acuity emerges as
perhaps the most critical human factor governing the photo
interpreter!s abilitr to detect small objects on acrial
photos, Additional rescarch on this problem is to be encour-
aged,

Indspendent of the parallax factor stereoscopic or
binocular study of acrial photos may produce at least two other
beneficial increases in visual acuity: (1) A photo interproter's
binocular acuity is reportedly equal to the sum of his two
monocular acvitics.  This is attributable at lcast in part to
the fact that binocular luminositias arc highcr than monocular o
ones as reported by Hartman (1933) and Ryan (1940); (2) Imper-
fections of the single photo image attributable to its graini-
ness may not bc apparent when storeo mates arc examined
binocularly. Statistically it is not probable that such imper-
fections would occur at exactly corresponding points on both
mombers of the sterco paire. Ixcept wherc they do occur in
corrasponding positions, cach photo image will tend to rein-
force its mate when viewed binocularly, thereby providing
sharper over-all detail than could be perceived from cxiamination
of cither imasc alonc,* (A common exaiple of this binocular

* Tn this. connection the reader is urged to study Fig, 7 sterco-
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reinforcement concept is in the ability to perceive the whits
: center line of a highway even at scales as small as 1/20,000
“ when viewing both photos of a sterco pair simultanecously.)

(2) lLiontal Acuity

As has just been indicated, the successful photo interpreter
must first of all possess sufficiently high visual acuity to
perceive clearly the photographic images which is attempting to
interpret. Of equal importance, he also must posscess sufficiently
high mental acuity to comorehend the significance of thesc inages
once he has perecsived them.

The mental acuity of a photo interpreter, in the sense here
usad, depends upon a number of factors including his background of
training and expericnce, his powers of observation and imagination,
-and his judgment. The present speaker's views relative to each of
these factors have bean expressed at considerable length in
Chapter 12 of our Socicty's Hanual of Photograommetry" (1952) and
therefore will not be repeated hoere.

A photo interproter's mental acuity, like his visual acuity,
may decrcase appreciably under the influence of fatisue, Obviously
it is his acuity at the time the photo interpretation is being
performed, rather than his potential acvity, that governs the
gquality of his interprctations. Some siznificant work recently

-+ has been performed in Sweden on the fatisue of photo interpreters
‘.} ' in relation bo the reliability of certain of their photogramaetric
o determinations, The only other information known to the speaker
relative to this hi~hly important matter must be catcgorized simply
as "folklore" gleaned from various P,I, bullscssions in which various
individuals narrated their "combat cxporiences" with a stcreoscopea,
Judging from the highly divergent accounts thus received, additional
ressarch relative to this subject is sorely necded.

The working posture of a photo interproter in relation to his
acuity would also seem to merit further investigation, Virtually
all photo interpretation is done today with the interpreter!s neck
bowed and his head assuming an angle of ncarly $0° relative to his
torso. It is considered probable that such posture scevercly
restricts the flow of blood through the interprcterts brain, thereby
impairing his acuity. Onc possible solution to this difficulty,
through design of an irproved stercoscopc perritting more suitable
posture will be nentioned under the section dealing with a photo
interpreter's equipment, In the samc scetion mention also will be
made of the adv-ontages and limitntions of photo interpret-tion keys
as an attompt to componsate for deficicncies in the photo intor-
preter's mental acuity.

(B) CHARACTERISTICS OF THY PHOTO INTELPRITHR!S EQUIPI:ENT

(1) The Projcctor-Tyve Stercoscone
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thc 1d al type of StGPpOSCOplc v1GW1ng equlonent mlght well embody
each of the features listed below. Practical limitations to the
field use of such equlpment are, of course, recognized.

(a) Facility for viewing transparencies by transmitted light,

in lieu of thc present system of viewing opaque prints by
reflected light, Theoretically this would prov1do a threc-
fold inerease in the number of cdge gradients discernible, as
prevlously stoted, and would be particularly beneficisl for the
detect: ™ nf mbjects in shaded areas requiring greatly increascd
1llumination (Ses Figure 15\

(v) Facility for projecting tho stereo image onto a frosted
screen (from a point behind the screen) in such a way that by
changing the distance betweon the projector and the screen
tho scalu of thc projected image ecould be varied between wide
~limits. This feature should ourWIt the photo interpreter

(1) to view the ontire sterco model at once when attempting
to determine the over-all topographic or envirommental situa-
tion within tho area to be interpreted, and (2) to view any
item of detail on the sterso model at the maximum enlargement
permitted by sharpness of the imass.

(c) Uso of a ‘polaroid progcctlon systom rather than a dichroic
or anaglyoh type. The polaroid system is superior in that (1)
it permits the viewing of color transpasencies in full color:
_(2) it permits the viewing of color transparencies through
. various letﬁrs, oach of whlch is designed to increasc the tone
contrast between certaindjects and their background depending
upon their combination of rcflectance characteristics
(Figures 1 and 2); and (3) it tends to eliminatc "retinal
rivalry" which frequently prevents extraction of the ultimate
in photographic detail when the anaglyph principle is used,
Although polﬁrlzutlon of the projected image causes a rcduction
of approximately 505 in image intensity (whon the light source
remains constant) it ordinarily will be possible to increasc
the intensity of the light source to a point at which this
-factor is not llmltlﬂ”.

,(d) Faclllty for independently adjusting the light intensity

- from elther clement of the storco projector, Thus, if the

c:dimage recelved by the interpreter's left eye were appreciably

--kess bright than that received by his right cye, he coald
:increase the intensity of illumination of the duller ima

o until both left and right oye imares werc perceived cqunlly
well., This should pormit the photo intorpreter to achicve
‘the maxirmum stercoscopic effect, Furthermore, such a lighting
arrangmment would pormit the interproter to inernasc the light
inten51ty through both nrojectors simultancously when he wished
to perceive the maximum detail within shadows or in othgrwise
underexposed portions of the transparency (See Figurc 15). It
would also permit him to adjust the light intensity striking
elther eye, to such a level as would give the desired pupil
dilation for the type of interrre tation being performed, This
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(2)

(¢) TFacility for cffecting a tone reversal between an image
and its background so that each image to be detcocted would be
darker than its background, instead of lichter. This would
inercase the probability of detection by 10-20/%, according to
Blackwell, as previously mentioned. While some television
screens parrit the ready conversion from negative to positive
transparency it mey not be possible to incorporate such a fea-
ture in a stercoscope which embodies all other features here
described.

(f) Facility for perritting the interpreter to search the
sterco model in a systematic fashion (c.g., through the use
of a srid systcm) and some means of blanking out each grid

 square once it has becn searchod. The lopical dimensions for

such a grid may be indicated by Figurc 17 in which it is scen
thot for an image to bo detoctad the intorpreter's line of
sight must fall withia a certain angular distance of the inagoe.

(g) TFacility for permitting the interpreter to assume a restful
position with head and torso aliznad instoad of at 90 from cach
other, as at prosant., This should permit maximum circulation

of blood through the intorproter's head and thereby permit him
to maintain a high state of visual and mental acuity as pre-
viously discussecd.

(h) Facility for permitting two or morc interprcters to view
the same stercoscopic model simultancously, thoreby cnabling
them (1) to perform an interpretation in different portions of
the sane sterso model simulatenously wherc time is of the
esscnce and where, therefore, a pooling of effort is required,
and (2) to use the so-called "aonfarcnce" systcm of photo
interpretation by means of which soveral interprctors can view
a single stercoscople image simultancously and discuss its
significance, thercby pooling their knowledze and presumably
improving the accuracy of the interpretation-

An Improved Type of Lens Stercoscope

~Certain types of photo interprctation must be performed
cithor in the field or under other advoerse conditions which
preclude the use of elaborate storeoscopic viewlng egquipment
such as that just describad, The lons stercoscope and opaque
contact prints will no doubt continue to be the common tools
used under such conditions,. Recopnizing this fact, photo
interpreters recently have given much thought to the desirable
attributes of a lens storsoscope. liost of thesc attributes
which arc rclevant to the problem at hand can be grouped as
follows:

(a) A pood lons systom. Two or three different magnifica-
tions arc considerad nscessary and sufficient. These
should include a 2 to 3 power magnification for hasty
scarching and interpratation of the over-all arca
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‘ecoverad In a stereo model; the lens system also skould

provide an 8 to 10 power magnification to permit en- -
largement of local detail to the maximum permitted by
image sharpness on photography of good quality.

e

(b) Adequgte illumination of the stereo imase. Since
natural, rather than artificial light usually is
employed in lens stercoscopes, the obtaining of adequate
1llumination may become a problem at high magnifications
in which the lens elements are quite close to the photos.

_(c) Compactness. For fizld use there is much to be said
in favor of a lens stercoscope that will fit in the inter-
preter's pocket when in the collapsed position.

(d) Stability. The high center of gravity resulting from
a compound lens system tends to make the stercoscope top-
heavy. Stability can of course be maintained by increas-
“ing the spread of the stercoscope'!s legs, but this feature
~may prevent adequate illumination of the prints and de-
tract from the compactness of the instrument,

(e) Economy. In view of the oxtreme value of various

types of photo interpretation data, it is perhaps false

economy to equlp photo interpreters with a $10 stoereo-
sgcope 1f a $50 one, or even a $500 one, is decidedly

supsrior, Bvsn thess larger sums represent but a

fraction of the sum invested in photographic aireraft, -;
cameras, films and processing cquipment, all of which
expenditures are to no avail unless the photo interpre-
ter has adequate storeoscoplc equipment for identifying
images depteted on the resultant photographys

(3) A Photo Interproter's Tally Register

This item of equipment is becoming of increasing importance
with the increased use of aerial photos for inventory of £ish,
wildlife, trees, automobiles, persommel, etc. A suitable tally
reglstor should permit tqb photo interpreter to:

:(a) Tally czach individual image as he interprets it,
thereby giving a cumulative total at any time w1thout
the interpreter's having to carry this total in his
head.

! (b) Permit the interpreter to place an identifying mark
on each image as he tallies it, thereby removing the
possibility for subsequent doubt as to which images have
been tallied and which have not.

. Certain tﬂlly rogisters whlhh hav“ racently been developed
probably are adequate for usc when interpreting photographic
prints although some difficulty may be experienced in using
these registers under the highest magnification of a lens Q!;
stareoscope becavse of limitoed working space. To the speaker's ‘
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(5)

knowledge no tally fogister is currently available which would

satisfy requirement (b) above when interpreting transparcncies

rojscted onto a serecn.
1%

Photo Inventory Templets

Recent photo interprotation expericnce in making inven-
tories of treecs, fish, waterfowl, and gregarious animals
indicates the probable value of transparent templets which
might be used as overlays to aerial photos whon making such
inventories. The following are examples of the possible uses
for such templcts.

(a) To delineatc systematic search lanes on the photos
in order to ensurse that cach area is thoroughly scarched
once and once only. An analysis of Fig, 17 might serve
to indicate the appropriate width of each search lanc.

(b) To indicate tha location of mechanically-spaced or
randomly-spaced sample plots on the photo. Such templets
ara useful whon time limitations or cconomic considera-
tions dictate the necessity for sampling an arca rather
than making a 100% tally.

(e) To provide density scalc guides for usez when the
objects being inventoried arc so clearly defined as to
permit their density stratification.,

Photo Interprctation Kevs

As rniost of us know, a photo interpretation key is ref-
ercnce material designed to facilitate rapid and accurate
identification and determination of the significance of objects
or conditions from the analysis of their photo imeges. Ideally,
the key consists of two parts; (a) a collection of annotated
or captioned stereograms and other photos which are illustra-
tive of the objects or conditions to be identified and (b) a
graphic or word doscription which sets forth in some systomatic
fashion the photo rscognition featurcs of those objects or
conditions, liost of the current wave of cnthusiasm for photo
interprotation koys stems from the military requirement for
training large numbers of photo intaerpretcers in a short time
to do some type of interpretation for which they have had
little or no previous sxperiznce. While it has becn amply
demonstrated that properly-preparcd photo interpret:tion keys
are useful for me~ting such emecrgencies, considerable criti-
¢ism has beon levalled at those who are inclined to oversell
such keys.

Thosc interestad in the proscnt speakert!s rothor opti-
mistic vicws on photo interpret-tion keys and in studying
exomples of such keys arce ref-rrod to the June 1652 issue of
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Photogrammetric Engincering. Particularly pertinent to our
prescht discussion, however, are some of the words of caution
that have been sounded relative to the use of such keys. -

Whitmore (1953) states, "The idea of the paoto inter-

pratation key for the indoctrination of relatively untrained
. parsonnhel is valid up to a2 point. It is based on the assump-
tion that many classes of objocts are readily identifiable
and havs the same significance wherever found. This is
“particularly true of works of man....... Sut there are other
problems which cannot be solved (simply through use of a key)

- because of their complexity., The way to solve them is to
devclop more information concerning the arca of intcrest, or
to supoly superior reasoning power to the evidence alrecady

~available, or preferably both.' "hitmore thon gives examples
of the effective use of such methods.

Frost (1953) points out that the user of a photo intar-
prctwtlon key "is limited by the background of the key maker
as Wbll as by his own background,"

Flnﬂllf, Coloncl C. A. J. von Drabbe (1953), Chicf of
the Dutch Topographic Service, hops on and off the photo
interpretation key bandwagon with the following amusing but
Wﬂll—twken comments,

”In ordnr not to ne misunderstood I wish to state thut
I realize the great value of photo interpretation keys. But
from a scientifieal point of view therc is a great danger, T
Many people knowing almost nothing of photo interpretation
will take a photograph, obscrve an object on it and idontify
it with page so and so of an interpretation key. This is an
~evil for we know too well how the aspect of any given object
may change, depending on its natural clroumstinceS.ssecssess
If T mist ndmit that I have studied and interpreted some
600,000 aerial photo-raphs and that nowadays my knowledge
of photo interpretation is still limited, then either you
might consider me a person deprived of any intellizence or
you might take photo 1ntorprutat10n to be an extromely
dlfflcult science, To make mysclf a compliment I believe
the latter is true,"

- In concluding this section the speaker should like to
agree with Colonel von Drabbe that photo interpretation is
an extremely difficult sciencce. The seeming requirement,

s particularly among the military, for a photo interpretation
key, stems lars olV from the fact that freauently, during o
training period of a fow weeks, tho photo interpret-tion
student may bo expected to le~rn to recognize v1rtva11y all
natural and man-made features of the TBarth's surface, and
‘having recognized them to fit thom into a pattern from which
he can dedvce the nature and siznificance of 2ll activity
in the area, past, present and future. It would bo difficult
to envisage a more comprohensive objective to be achieved in
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so short a training period. If this objective is to be
realized, or even approximated, information given the
student must be systomatized and presented in as conecisc
a manner as possible. When this has been done, a photo
interprototion key has been prepared. Let us not create
hostility toward the use of such an important document
either by proclaiming it as the cure-all to every photo
interpreter's problem, or by regarding it as an end in
itself rother than as a means to an end.

(6) Other Items of Equipment

Among other items of P.I. equipnent there are many
so~called "scales" for use in detcrmining or describing the
size, shape, tone, texture, pattern, density, slope, height,
ete. of various objects. Several of these are deseribed and
illustrated oy the spenker in the June, 1952 issue of Photo-
gramactric Engineoring so will not be discusscd further here.

(C) TECHNIWWES WIPLOYED BY THE PHOTO INTERPRETER

In keeping with the subject matter thus far discussed in this
paper, 1ot us assume that photographs having suitable image charac-
teristics have becn made avnilable to a photo interpreter having the
proper physical and mentnl characteristics and that he also has been
provided with adequate cquipment for interpreting this photography.
Now what techniques should he emnloy in interpreting this photography?

(1) Goneral Technicuzs

There are certain methods or techniques, including
the following, which are aoplicable to n=arly all types

(S8 ]

of photo interpratation:

(a) Methods for oralonting a storco model hencath
the stercoscopa.

The objective should be to accomnlish this act
quickly yet in such a way ns to permit the most real-
istic 3-dimcnsional improssion of the model, while
avoiding vnnecessary cyestr-in for the interpreter
(Ashenbrenner, 1952)

(b) Methods for syst-matic~1lv scarching the area en-
compassed by a sterco model.

The possibility for delineating search lones of
a width commensuratc with that of the human cye's field
of view has already been discussed,

(¢c) lethods for aveiding duplication or omission in the

interprotation of arcas common to tiro or more models.
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This is of such importancé in the interpretation
of end lap areas common to 3 successive photos in a
flight 1line or sidelap areas common to 2 adjacent
flight lines as to permit a reduction of from 30 to
50$ in the photo areca which otherwise would be inter-
preted.

(d) Mothods for handling a larpge stack of vhotos in an
orderly monner during the interpretation process. ’

The advantage of some system for the orderly pro-
gression of photos from one position to the next as a
large stack of them is being interpraoted can be very
gréeat, The adventase is apparant, however, only whan
contrasted with the haphazard crossings over and '
rotations of prints that usually ensue when an inter-
preter simply plops down a stack of photos and starts
interpreting then. "

The writer has cxpressed certain views relative to the
above points in the chapter on photo interprotation in our
Socicty's "Manual of Photogrammetry." Hence he will uot

"glaborate further here, In connection with this discussion
"1t is pertinent to not:, however, that a well-qualified

photo interprotation supervisor frequently judges an appli-
cant's photo interpretation ability morc by the way in
which he handles photogr :nhs than by his statement of quali-
fications for the job. ‘

Spacific Tochniques

It certainly cnnnot be within the scope of this already
very lengthy paper to catalopue or describe the spesecific "
photo intarprotation technigues used by zeologists, foresters,
geographars, military photo interpretzrs and others. Even
if we were to attempt to do so we would quickly run afoul of

Mtpade secrets," and "security regulations" while at the same

time delving into such details that any particular example
would perhaps interest no morc than 105 of our audience. It
is far better that we merely rofer those interested in some
particular type of intorprstation to the appropriate textbook,
¢.g., Bardley (1942); Smith (1943), Spurr (1948), cte., or to
papers presented in past photo interpretation symposia and
published in "Photogrimmotric Enginering® or in the "Inter-
national Archives of Photogramstry.™

The foregoing should not be iutarprsted as an attempt to
minirmizc the importance of specific photo interpretition
techniques., To the contrary, svch tochniques usually command
the greatest emphasis and time when teaching a troince to do
a particular type of intorpratation. Ferhans there is just
onc comment that is sufficisntly apolicable to most of these

fields of interpretation to merit mention here:

- Approved For Release 1999/09/22 : CIA-RDP80-01333A000300170001-8

e



-27-
Approved For Release 1999/09/22 : CIA-RDP80-01333A000300170001-8

When attempting to learn the techniques and methods for
a particular type of interpretation the trainee should spend
a great deal of time out in the ficld comparing that which
he sees on the photos with the corresponding landscape as it
lies before him. Only by so doing can he appreciate the
significance of certain subtle photo image characteristics
which he might otherwisc ovarlook.

SUMIARY

1. Photo interpretation is defined as the act of examining the photo-
graphic images of objects for the purpose of identifying the objects and
deducing their significance. ) '

2+ Consistent with this definition, factors affecting photographic
interprctation arc discussed under two majior hecdings: (a) factors
governing the quality of photographic imagss, and (b) factors governing
the perception and interprotation of photographic images.

3« The primary factors governing the gquality of vhotographic images
are: (a) tonc and color characteristics, (b) image sharpness character-
istics, and (c) stereoscopic parallax characteristics. Factors governing
gach of these characteristics arc discussed.

L4, The primary factors governing perception and interprotation of phobo-
graphic images arc: (a) visual and mental acuity of the photo interpreter,
{(b) characteristics of the photo interpreter's equipment, and (c) tech-
niques employed by the photo interpreter. BEach of these factors also is
discussed,

CONCLUSIONS

As indicated by the foregoing analysis, if reliable information is

to be obtained by means of aerial photographic interpretation, a number
of steps or processcs must have preceded final derivation of the desired
information, Specifically: (1) satisfactory photographic equipment must
have been developed, including aireraft, cameras, mounts, films and fil-
ters; (2) adequately trained personnel must have operated this equipment
in a satisfactory monner at tho time of photography; (3) the resulting
photography must have been properly processcd in order to obtain satis-
factory photo imagz characteristics of the objocts to be interpreted;
(4) suitable photo interpret ition equiment must have been developed for
use in viewing, measuring and interpreting the photo images; and (5) this
cquipment must have been correctly cumployed by a photo interpreter having
the proper brckground of triining and expericnce togother with the necoss
sary visual acuity.

These many steps which lead to the extraction of photo interpretation
data have been likened to the links of o chain. From this analogy 1t has
been incorrectly concluvded that no strengthening of the photo interpreta-
tion chain can result except through n strengthening of its weakest link.
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100 years ago in his famous "law of minimum" which he states as follows:
"When a biological process is conditioned as to its rapidity by a number
of factors, the rate of that process is limited by the pace of the slow-
gst factor." Some 50 years later litscherlich made a revision in the
law of minimum which photo interpreters could well emulate. litscher-
Llich (1909) recognized, "When a blolonlcal orocess is conditioned as to
its rapidity by a number of factors, the increase in rate produced by
unit increment of apy lacking factor is proportional to the decrement

of that factor from the optimum.® Let us suppose for example that the
weakest 1link in the photo interprstation chain is the photo interpreter,
himself. Some of our "lLeibig-minded" photo interpreters have urged that
in suech a case we abandon all thourht of improving any other link in the
photo interpretation chaink such as image quallty for example, until we
have strengthened this weakest link. Here's hoplng that it won't take
the Mitscherlichs in our Society 50 years to convince the rest of us
that Improvud photo image quality may benefit a poor interpreter as much
as 1t may a cood interpreter, and perhaps even more so. Viewing this
matter more reallstlcallj, then, it would secm that we should strive,
now, for improv-ments at every limiting link in the ohoto 1nterprptatlon
chain, with the hope that each improvemsnt will increase the accuracy of
the flnal information derived, At the same time, in allocating our over-
all research and development effort in the photo interpretation fisld

we would do well to allocate our energics toward the improvement of any
1imiting factor in direct proportion to the decrement of that factor from
the thlmum.

We have seen from the various diagrams in this naper that we are
.now operating at the "toe" of the so- called threshold curve in each of
several factors affecting photo inte rprntatlon. We also have secn, from
the steﬁpnesq of these curves, that much improvement in the dnpendont
“variable or ordinate may result from rather modest improvement in the
. independent variable or abscissa, Regardless of the absolute units
which these ordinates are expressed they can in most cases be trans-
lated to read "accuracy of photo interpretation." We therefore have
reason to believe that the combined effects of these individual improve-
ments all along the chain will produce a very appreclable cumulatlve
improvement in the accuracy of our final photo interpretation data.,  For
exariple, in the case of lens aberrations we are told that cach improve-
ment tends to be "proportlonal to its square, independent of the others,"
Some other improvements may be only additive insofar as their cumulative
beneficial effects are concerned, and still others somowhat less than
addltch. But the essential oownt is that no possible means of improvo-
mont shovld be overlooked, at least at the initial analysis stage, as
each may tend to improve to some extent the accuracy of our final photo
intcrpretatlon ro;ult

: The forego:.nOr analory betweon photo interpretation as we £ind it
today, and biolozy as it was known 50 or 100 years arco, sets the stage
for the final point to bg mads in this pansr. As the photo interprcter
encotinters new probl-ms he shoul? ask himself, "Is this a problem
entirely pecvliar to the field of photo interpretation or is it sinply
‘g new manifestation of a oroblem which has be-n previously dealt with

in related scisnces?' “Yith surprising freguency he will find the latter to
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be the casc and can profit accordingly. Thus by borrowing from the
centuries-old experience of plant and animal taxonomists he may avoid many
pitfalls in the construction of keys; by borrowing from the precise termi-
nology of the mathematician or engincoer, he may avoid the confusion which
would result by introduction of his own jargon for describing shapes,
patterns and other characteristics of photo images; by borrowing from the
scarch techniques used by microscopists when they are studying slide

. spoeimens he may learn improved methods for the systematic search of a

photosraph; and by borrowing from the experience of oculists, doctors of
medicine, and psychologists, he may gain for the first time an accurate
insight into the physical and mental characteristics which are so critical
in the making of a good photo interpreter, Such mass-borrowing of infor-

-mation is not.a shamcful practice, but an intelligent one. Fyrthermorc,

the photo interpr-ter can find consolation in the fact that for cach bit
of informrtion he borrows, he offers repayment a hundredfold to those
many flelds which are finding photo interprotation to be the most reliable
and econonical sourcs of much of the information which they so vitally
need,
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Fiﬁ.:l' Spbctral dlavrams used in preclctlng or analyzing ‘the tone
' characteristics of photosraphic images.

Fig. 2 Two acrial photographs of the same area obtained with pan-
chromatic-rinus blue and infrared-894 photography, respect-
ively. DNote that tone values are consistent in each case
with those that might have been predicted by analysis of

~ the curves in Fig., 1, i.c. All hardwocds appear light in
tone and all conlfers dark in tone on the infrared photo,
but not on the nmanchromatic photo.

" Fig. 3 Aerial obliquc color photograph of portlon ‘of the city of
o - -Baltimore, ifaryland, show1n° both the advantages and limi-
tations of aerial color photography from the photo inter-
pretation standpoint.

Fig, 4 Two prints madc ffom the samc negative, but on materials
i differing in their resolution charactoristics. The material

used in A had a maximum resolving pownr of 230 lines per
millimetor, while that used in B had a maximum resolving
pawer of only 130 lines per millimeter. Nevertheless B
obviously produces a much sharper image than A because it
provides higher acutance. (Photos are from article by
Higrins and Jones, 1952.) :

Fig., 5 Schematic diagram representing a knife-edge exposure and

‘ ‘ the microdensitometer trace, D, across the developed image.
The straight line, E, between points A and B, and the
hypothetical dotted curves, F and G, ropresent traces
having thc same average gradiont as curve D. (After
Higgins and Jones, 1952,) Significance of this curve in
rclation to resolution and acutance is explained in text.

Fig. 6 Two photographic reproductions of the same scone made at
differcnt focal settings. Fig. 44 was made at the focal
setting giving maximum resolution; Fig. 4B at the focal
setting giving maximum acutance, Image sharpness obviously
is greator in B than in A, despite the hirher resolution
of the latter. (Photos are from Higgins and Jones, 1952.)

Fig. 7 Two photographs of the same resolution target printed on
materials A & 3 having resolutions of 130 and 230 lines
per millimeter, respectively taken at diffsreont focal
sottings of the camera., All othor factors were the same
in the two photos. The left photo zives better resclution
for images of the size shown at top of the resolution
target; conversely the right photo rgives better image
sharpness for bottom half of tarset. (Photos courtesy of
Kodak Park Research Laboratories.)

Fig., 8 Diagram showing relation between ima~e size and the focal
setting required to give optimum image contrast. Note
that therc is no single "optimum focus." Compare with
Fig. 7. (Aftor liacdonald, 1952.)
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and focal setting in an acrial camera lens system (assuming
detail size constant). A lens system giving curve B probably
would be preferable to one giving curve 4 since the latter

‘.} would exhibit excessive loss df resolution when only slightly
out of focus,

Fig. 10 Comparative magnitude of lMotion Factors in 24-inch photography
flown at 10,000 feet altitude, using Super-X{ Emulsion, 1/150
second exposurc and 200 miles per hour ground speed. (From
Macdonald, 1952).

Fig. 11 Derivation of the parallax equation used in determining object
heights from aerial photographs.

Fig, 12 Summary of problems relative to the obtaining of large scale
stersoscopic photography from hizh altitudes., (After Aschen-
brenner, 1950.)

Fig, 13 Photographs showing the appearancc of a given arca in four
different scasonal states,

Fig. 14 Curve showing probability of detecting a small light-toned
circular stimulus as a function of the contrast between that
stimulus and the illuminated viewing screen upon which the
stimulus is cast, Note that, within the threoshold range,

a 4-fold increase in relative contrast rosults in nearly a
10-fold increase in probability of detection. (After Black-
well, 1946.)

‘l’ Fig., 15 Visual response, R, as a function of the degrec of brightness,
B. This curve emphasizes the difficulty of discerning objects
in shaded areas since the eye is less sensitive to tone changes
at such low brightness values. (Vote: This curve is merely
a hasty frochand sketch based upon unpublished data of Higgins
and Jones,)

Fig. 16 Curve showing light sensitivity of the human eye in relation
to wave length of light. (From PIC Training lianual No, 1;
ordinate units unspecified.)

Fig. 17 Relation between visual acuity and angular or linear separation
of the retinal imagse from the exact centor of the fovea. (After
Higegins and Jones, 1947.)

Fig. 18 Schematic diagram showing the way in which a visual field is
scanned in making an analysis of photographic edge gradients.
(From Jones and Hiczins, 1947.)

Fig. 19 Effect of diameter of pupil of the eye on visual acuity.
(Based on unpublished data of Higeins and Jones, )

Fig. 20 The contrast threshold curve (from lacdonald, 1951). For
explanation of its significance to the interprctation of
photographic images, sec text.
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